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Roentgen radiation of the suprarenal giands for therapeutic purposes 
was first attempted by WIESNER (1904) and GOLUBININ (1905). The first 
experience of the histological changes in the suprarenal glands after 
roentgen radiation was gained by Harvey (i908) who carried out experi- 
mental investigations with guinea pigs and rabbits. He contended that 
he was able to prove hyperaemia or haemorrhage in the radiated supra- 


renal glands. CorrENot, MULON and ZIMMERN (1912) carried out histo- 
logical investigations with a dog and found degenerative changes in the 
cortical layer of the suprarenal glands in the shape of cytolysis and 
vacuolized and fragmented cell nuc clei, particularly in the zona fasciculata 
and zona reticularis. Changes in the me dullary substance are not men- 
tioned. VON DECASTELLO (1912) established in mice atrophy of the supra- 
renal glands and haemorrhages in the cortex and medulla, whereas in 
guinea pigs he only found haemorrhages. EIsLerR and Hrirscu (1913) 
made biological investigations with rats with an extract of radiated and 
un-radiated suprarenal glands. GRABFIELD and Sourer (1921) radiated 
the suprarenal region in 16 rabbits and found increased weight of the 
suprarenal glands and degeneration of the cortex, particularly in the form 
of nuclear pyknosis and vacuolization of the cytoplasma. Strauss (1921) 
used guinea pigs and white mice as experimental animals and observed in 
these hyperaemia and haemorrhage, but no degeneration and no atrophy. 

STEPHAN (1922) radiated a posterior field corresponding to the left 
suprarenal gland region in a woman of 58 years who suffered with a stom- 

1 Submitted for publication, June 26, 1937. 
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ach carcinoma. The patient died six weeks later and at the autopsy 
the left suprarenal gland proved to be considerably smaller than the right. 
The cortical substance was almost completely substituted by connective 
tissue, whereas the medulla was normal. The dose which in this case 
had reached the suprarenal gland did not amount to more than 30 °% 
HED. In a review of this observation FREY points out that it is improbable 
that a dose of this magnitude would be capable of causing complete de- 
struction of the cortex, a point of view with which there is every possible 
reason to agree. 

HoLFELDER and PEIPER (1923) radiated the suprarenal glands of guinea 
pigs with doses of 80—160 °, HED and found as a result degenerative pro- 
cesses in the cortical layer, particularly in the zona fasciculata. Thesi 
changes consisted of vacuolization of the cytoplasma, irregularly formed 
nuclei with varying susceptibility to colouring and reduced lipoid content; 
moreover, haemorrhages were found; there were no demonstrable changes 
in the medullary portion. ScHinz (1924) repeated these investigations 
without being able to obtain any confirmation of the results. He, however, 
only examined haematoxylin-eosin-stained specimens and for this reason 
gave only a very brief report on his investigations. Martin, RoGErs and 
FISCHER (1924) examined the suprarenal glands of 2 dogs which had bee: 
Roentgen radiated. The one was killed 26 days after the radiation, the 
other 98 days. In the former there were found on microscopical investi 
gation considerable quantities of connective tissue in the cortex and only 
some small »islands» of normal cortical substance. The investigation 
yielded no information in regard to the medullary substance. In great 
contrast to these considerable changes is the finding in the case of the 
other animal, where the suprarenal gland was absolutely normal. In 
these cases very large doses had been administered. 

Tsuzuk1 (1926) carried out total radiation of rabbits with doses o! 
10 %, 20 %, 30 %, and 40 %, HED. In some cases he continued the radi 
ation until the animals died. On examination of the suprarenal glands it 
proved that the fat content of the cortex was reduced. There was degen 
eration of the medullary cells, and, after the extreme doses, a pronounces 
atrophy of the medulla. 

Frey (1928) radiated the suprarenal glands of male guinea pigs wit! 
doses of 100—500 °% HED, and killed the animals at varying interval: 
after the radiation. In these experiments he was unable to demonstrat: 
any changes which, in his opinion, could be regarded as direct effects o 
the irradiation, apart from a passing hyperaemia and some effect on th: 
mitoses. In particular, he found no changes in the structure of the nucle 
of the cortical cells and the protoplasm, or in the chromaffin or the lipow 
content. The quantitative-histological analysis showed no changes of th« 
organ as a whole or of the individual tissues, and above all no atrophy. 
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Frey also supplies a thorough analysis and criticism of the previous 
studies of roentgen and radium injuries to the suprarenal glands, and 
he holds that the statements which have been made as to the great 
radio-sensitivity of the suprarenal glands are not correct. These cases, 
he considers, have referred to indirect, not direct, specific, or elective 
radiation effects. 

Rogers and Martin (1930) irradiated the suprarenal glands of dogs 
with doses of 3.5—32 HED (human HED). After the small doses neither 
histological nor functional changes were found. After the medium doses 
there occurred proliferation of the connective tissue, both proceeding 
from the capsule as well as interstitially. After the big doses there was 
lestruction of the cortex, first of the zona glomerulosa and subsequently 
f the zona fasciculata, accompanied by proliferation of the connective 
issue. At the same time there was degeneration of the medullary sub- 
stance. 

CELOTTI (1931 and 1932) investigated the nervous elements in the 
suprarenal glands of cats, after roentgen radiation with I1—4 HED. 
[he result was negative. With a view to explaining the great radio- 
sensitivity of the suprarenal glands CELOTTI assumes the existence of 
functional disturbances in the nervous apparatus which are not histolog- 
ically demonstrable. 

Investigations of the effects of radium rays on the suprarenal glands 
have also been carried out. LACASSAGNE and SAMssoNnow having succeed- 
ed in inducing necrosis of the cortex by means of radium intubation. 
Changes in medulla were not demonstrated. 

Apart from the histological investigations referred to here, there are 
1 great number of papers, clinical and experimental, on functional 
changes after roentgen radiation of the suprarenal glands, but these 
works are outside the framework of the present study and no further 
mention will be made of them. 

The publications which we have briefly summarized show very 
varying results, undoubtedly owing to the many sources of error which 
play a part in these experiments. If these works are subjected to a critical 
study the opinion which is formed is that the suprarenal glands cannot 
be regarded as particularly radiosensitive, a point of view which is also 
held by Dessarpins (1928). It is, however, very difficult to draw any 
lefinite conclusions on the basis of the literature available as the in- 
vestigations are based, to a great extent, on a material which is much 
too small. Moreover, the methods employed have not always been suit- 
ble and one feels the lack of a control material ¢ apable of showing the 
variations in the suprarenal glands which can occur in non- irradiated 
and, as far as can be judged, healthy animals. 
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ENGELSTAD published in 1936 a work on histological changes in the 
suprarenal glands after roentgen radiation. The material consisted of 
31 rabbits which had been roentgen radiated on the suprarenal gland 
region with doses of 125r—4,500r, and 5 control animals. The sole 
object of this work was to determine the radio-sensitivity of the supra- 
renal glands and to demonstrate the more outstanding histological 
changes. The investigations reported on in this work showed that no 
sure changes can be found until doses are applied which approach closely 
to the skin tolerance, in the experiments under reference 1,500r. 

On the whole, however, the reaction to these sub-epidermicidal doses 
was very moderate. After larger doses, epidermicidal doses, which 
produce a clear epidermitis, there was found a pronounced degeneration 
of the cortical cells, accompanied by hyperaemia and in part by lympho- 
cytic infiltration of varying intensity. In one individual case there was 
necrosis and small abscesses. The changes gave the impression of being 
greatest in the zona fasciculata and zona reticularis. The first clear 
signs of degeneration were seen 15 days after the radiation. The reaction 
seemed to reach its maximum during the course of the second month 
after radiation. 

In the investigations which are to be reported on here we have con 
tinued the study of the histological changes in the suprarenal glands 
after roentgen radiation. We have used a larger material, employed 
better and more varied histological methods, and had at our disposal a 


arger number of control animals. 


Control Material 


In order to judge of the effects of roentgen rays on the cells of th 
suprarenal glands it is necessary to bear in mind the not inconsiderabk 
individual variations in the appearance of the cells in healthy animals. 
Our control material consists of the suprarenal glands of 17 untreated 
animals. 

The zona glomerulosa is composed of numerous densely packed cell: 
arranged in small groups without lumen. This arrangement may b 
absent, as in some places the cells lie more irregularly, or the cell strings 
in the zona fasciculata may commence right under the capsule. Th 
nuclei are round or round-oval, fairly equal in size and there are often 
two nuclei in the same cell. 

The cromatin content can vary considerably. The cytoplasm is com 
paratively poor and, when fixed in sublimate + glacial acetic acid + 
formaline, frequently shows a somewhat torn and ragged appearance. 
Fixed according to ScHRIDDE the zona glomerulosa may be difficult to 
determine since it is liable to fall to pieces with the ordinary paraffin 
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sections. This will be avoided in the majority of cases by imbedding in 
celloidine. 

The cells in the zona glomerulosa which lie immediately below the 
capsule contain very small quantities of fat. Whether this is a physiolog- 

ical circumstance, or it is because the most superficial cells have had 
the greatest exposure to the effect 
f the strong fat-solving fluids with 
which the preparations are treated, 
‘annot be determined with cer- 
ainty. The great probability is that 
t is physiologic ‘al, because if the 
sland is divided into two parts prior 
o the osmium treatment no corres- 
onding zone poor in fat is obtained 
n the outermost part of the directly 
smiumtreated section. This agrees 
ilso with experiences in sudan 
‘taining of frozen sections. 

The deeper layers of the zona 
zlomerulosa as a rule contain an 
abundance of fat grains, evenly dis- 
tributed in all cells. In individual 
animals there are now and again 
to be found zones which are poor in 
fat, where a ag of cells only 
contain little fat, whereas all cells 
outside the zone are densely packed 
with fatty granules. 

Small adenoma-like structures 
ire frequently found in the zona 
elomerulosa. As a rule they lie right g. 1. Normal control animal. 
under the capsule. 

The zona fasciculata is also rich in cells. 

The cells are generally arranged in radial chains. In order to judge 
of the magnitude of the zone it is nec essary to have a section of the middle 
part of the gland. As might be expected the border lines of the zone are 
not very sharp and the size seems capable of varying from animal to 
animal. As in the zona glomerulosa the nuclei show a very varying chro- 
natin content. Moreover, there can be a considerable variation in the size 
« the nuclei. The larger nuclei are as a rule also most rich in chromatin. 

renerally, the cytoplasma is not particularly abundant. Fixation in 
a -formol gives good preparations and the cytoplasma then is uni- 
form pale and finely eranulated. (In this mode of fixation, therefore, the 
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description »spongiocytes» is not applicable). Individual cells may have 
a greater abundance of cytoplasma so that they present a »swelled» 
appearance. 

Sublimate + glacial acetic acid + formalin fixation often yields a 
somewhat vacuolized, foamy cytoplasm. With ScHRIDDE fixation, where 
the osmium treatment is successful, the cytoplasma is seen, asa rule, 
absolutely filled with fat granules in such a manner that only the nucleus 
area is free. But here also there are some variations to be found as indi- 
vidual cells and groups of cells may contain comparatively little fat 
whereas the neighbouring cells may be well supplied. 

Zona reticularis is characterized by the lack of any regular arrange- 
ment of the cells. In the other part of the zone the cells very much 
resemble those of zona fasciculata, but they are not so closely packed 
together and they have a more abundant cytoplasma. In the inner part 
the tissue is looser, some of the nuclei may be pyknotic, the cytoplasma 
is often fragmented. In some animals there are to be seen small, well- 
defined lacunas with a fragmental content, which have apparently) 
arisen by simultaneous degeneration of some few neighbouring cells. 
Characteristic of these »lacunas» in presumably healthy animals is that 
they are always found only in the innermost part of the zona reticularis, 
and that they are always small. The zona reticularis always has an 
abundance of fat grains, 

In the innermost part of the zone and to some extent also in th: 
medulla are in a number of animals small groups of cells, with a more 
dense, slightly granulated cytoplasma which has another shade of colour 
than the surrounding cells. The nuclei are round and rich in chromatin. 

The medulla consists of cells lying densely together with round nuclei 
rich in chromatin and somewhat darker-coloured ¢ ytoplasma than those 
of the cortical cells. The cells often show a glandular arrangement and 
when this is the case they show resemblance to columnar epithelium 
cells. The nuclei, however, are always round or round-oval. Clumps of 
medullary cells are also often found in the cortex, not rarely just 
underneath the capsule. 

The blood capillaries in the cortex have a very straight radiating 
course in the zona glomerulosa and the zona fasciculata. In the zona 
reticularis they branch up between the cells and anastomoses here with 
the capillaries of the medulla. 

As might be expected the state of contraction of the capillaries varies 
very greatly in normal animals, In consequence it is difficult in many 
vases to draw the line between the normal and the pathological state 
In the table of the radiated suprarenal glands we have used the descrip- 
tion 0 when the degree of dilatation of the capillaries does not appeal 
to exceed that which can be found in the control material, while by means 
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of various numbers of + signs we have expressed the various degrees 
of capillary dilatation which we ascribe to the radiation. 


Experimental conditions 


41 rabbits were used for the experiments, the experimental animals 
being both males and females, supplied by various breeders. The animals 
were kept in cages out of doors during the whole of the time, but the 
cages were given extra protection against cold during the cold season 
of the year. 

Method of radiation: 37 animals were treated with roentgen rays 
administered from a posterior field 4 x 6 em. and with a longitudinal 
axis parallel with the columna. In 4 cases the treatment was administered 
from an anterior field of the same magnitude. The field was arranged 
in such a manner that its centre corresponded to the animals 12 costa. 
3 animals received 2,200 r, and two animals 2,500 r, all at one seance. 
Focus-skin-distance was about 20 cm, tension 175 kv, strength of current 
4 m. a. and radiation intensity 4lr per minute, 

Necropsy: 6 animals died, from 14 days to 6 months after the radiation. 
In the case of these animals there was no autopsy until several hours 
after death had taken place. The other animals were killed at various 
times ranging from 4 hours up to 6 months after radiation. The manner 
in which they were killed was as follows: The animals were narcotized 
with ether. In order to avoid any effect on the suprarenal glands of a 
protracted narcosis the abdominal cavity was opened about 5 minutes 
after the commencement of the narcosis and the suprarenal glands care- 
fully removed. They were then dissected out from the surrounding fat 
and immediately placed in the fixing fluid. The thyroid gland, the 
hypophysis, and the sexual glands were then removed. As a rule sections 
were also taken of the liver, spleen and kidneys. In 4 cases intra-cardial 
injection of china ink was also given. 

Histological technique: As a standard method the fixation in MULLER- 
formol was used and subsequent treatment with osmium acid according 
to ScHRIDDE and staining with HEIDENHAINs iron-haematoxylin. In 
some cases the one suprarenal gland was fixed in sublimate + glacial 
acetic acid + formaline. In sections of the suprarenal glands which 
were fixed in this manner Massons 3-colour-method was also carried out, 
in addition to ironhaematoxyline staining, as well as, in part, azocarmine- 
aniline staining. In 3 cases a suprarenal gland was fixed in alcohol- 
formaline (1 part formaline and 3 parts 80 °% alcohol) and the sections 
stained with Bests carmine. 

The other organs were fixed in Boutns fluid or in sublimate +- glacial 
acetic acid +- formaline and stained according to Masson. 
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Results of the Experiments 


a) Changes in the cortical layer. 


We have attempted to define 4 degrees or stages of changes in the cor- 
tex after roentgen radiation. 

The slightest changes may be difficult to distinguish from the most 
extreme variations in the control material. Individual cells or groups 

of cells are considerably more 

abundant in cytoplasm than the 

surrounding cells. The nuclei 

are often poorly coloured, the 

cytoplasm especially the peri- 

nuclear frequently dark, »turbid» 

(fig. 2). These changes emerge 

best in preparations fixed accord- 

ing to ScurrppE where the os- 

mium stain is removed by oxyda- 

tion or in preparations in which 

the osmium acid has only in- 

completely saturated the cortex. 

Where the osmium treatment is 

complete these cells are lighter 

in colour than the neighbouring 

Fig. 2. Stage 1. cells. These changes can be 

found as long as 6 months after 

radiation. The possibility can, therefore, scarcely be left out of cal- 

culation that these types of cells may represent permanent changes in 
the cortex of the radiated suprarenal gland. 

The more pronounced changes consist of the dissolution of the cyto- 
plasm of the cells which are seen to be composed of poorly colourable 
fragments in which some remains of nuclei can now and again be ob- 
served. There is often a slight lymphocytic infiltration in the immediate 
vicinity. A striking fact is that some cells show great changes of this 
nature whereas the neighbouring cells may have an entirely normal 
appearance (fig. 3). 

The greater changes consist in the cells showing a tendency to degen- 
erate by groups in such a manner that greater and smaller lacunas 
are formed filled with fragmentary remains of cells (fig. 4). 

These stain poorly with osmium. The neighbouring cells frequently 
show only small changes. 

When such lacunas occur near the medulla of radiated animals it 
must be borne in mind that — as mentioned above — similar, but much 


678 
f 
s 


EFFECTS OF ROENTGEN RAYS ON THE SUPRARENAL GLANDS IN RABBITS 679 


Fig. 3. Stage 2. 


slighter changes also occur in individual control animals. In the greatest 
changes the whole of the normal structure is effaced. Everywhere great 
lacunas are to be seen, only separated 

by traces of less degenerated cells 

(fig. 5). 


b) Changes in the medulla: 


In the great majority of cases in 
which the fixation of the medulla has 
permitted comparatively safe conclu- 
sions to be drawn we have not found 
any deviation from the normal. In 
individual cases we have found some 
shrunken, star-shaped cells with some 
rregular nuclei rich in chromatin. 
(hese changes. however, cannot be said 
with certainty to lie outside the normal 
sphere of variation. 

In the table attached the degree of 
the changes is characterized by a cor- 
responding number of + signs. 

In the case of the female animals 
in which the ovaries have been in- 
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Fig. 6. Stage 4. Treated with osmiu 
Fig. 5. Stage 4. acid according to ScHRIDDE. 


cluded in the field of radiation extensive degenerative changes are see) 
in these organs. 

In the thyroid gland, hypophysis and the testicles of the males n 
definite constant changes are found. 

As positive finds are shown in the table only the cases in which w 
have considered ourselves able to demonstrate absolutely definite devi 
ations from the conditions in our contrel material. Where there has bee! 
the least doubt the find is set forth as negative. In a number of case 
it has not been possible to prepare sections which permitted sure conclu 
sions to be drawn regarding the condition in a positive or negative dire: 
tion, in one or more of the layers of the suprarenal gland. In these cas 
the corresponding column in the table has been left open. Because of th 
difficulty of judging the suprarenal glands histologically we consider thi 
precaution in estimating the results of the experiments to be a necessar’ 
measure. It may therefore easily be feasible and indeed be considere: 
probable that the real number of positive finds is greater than proceeds 
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from the table, inasmuch as degeneration or hyperaemia may have been 
present, but we have in these cases not considered it justifiable to assert 
that there has been a sure deviation from the finds which, in a greater 
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or lesser number of cases have also been observable in the contro! 
material. 


Conclusions 


It will proceed from what has already been said, that very great 
variations are to be found among our control material in the histological 
appearance of the suprarenal glands, in the lipoid distribution ete.. 
variations which may be assumed to depend on a difference in the 
functional state, exogenic or endogenic effects of various kinds, or un- 
known complicating factors. In consequence the utmost care must b« 
exercised in estimating the changes which are found in the roentgen 
irradiated suprarenal glands and the greatest restraint must be used 
to prevent the drawing of too far-reaching conclusions. A number of 
the problems which arise in investigations into the effects of roentgen 
rays on the suprarenal glands will, therefore, be incapable of solution until 
more is known of the normal variations and pathological conditions of the 
suprarenal glands. This applies first and foremost to conditions in the 
medulla, where the histological finds are extremely difficult to determine. 
But it applies also to some extent to the cortex 

With regard to the radio-sensitivity of the suprarenal glands the 
present investigations add little of importance over and above that 
found in the investigations which have previously been published by 
ENGELSTAD. In those investigations it was proved that a dose of 1,0001 
or less does not indtice any demonstrable a of the suprarenal 
glands. After doses of 1,500 r administered at one seance only com- 
paratively mild changes were found. But after 3,000 r the changes are 
very conspicuous. A pronounced degeneration was found in the cortical 
cells, hyperaemia and an inflammatory infiltration of varying intensity. 
The experiments now reported on have confirmed these observations. W: 
have administered doses which lie approximately half-way between the two 
latter dosages, in nearly all cases 2,200r and it proves that this results 
in very conspicuous and pronounced changes in the cortical cells, in som 
cases even very violent changes. The smallest dose necessary to induc« 
a clearly-demonstrable skin reaction in rabbits is in the neighbourhood 
of 1.700 r, but in order to produce an exudative epidermitis considerably 
larger doses are necessary. In view of the present finds. therefore, it must 
be permissible to conclude that the radio-sensitivity of the suprarenal 
glands shows a very good accord with the skin tolerance. When a dos¢ 
which reaches the skin is 2,200r the dose which touches the suprarenal 
glands will be somewhat less than 2,000 r, in the majority of cases probably 
about 1,700r. In other words, a dose which is sufficient to produce a vis- 
ible skin reaction, in the shape of erythema and epilation, will also be 
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strong enough to call forth noticeable changes in the cortex in the shape 
of degeneration, hyperaemia and to some extent also a cellular inflamma- 
tory reaction, the latter, however, as a rule very mild. 

‘The reaction of the skin as well as of the suprarenal glands, however, 
shows very considerable individual variations, but it has not hitherto 
been possible to determine with certainty that there is any parallelism 
between the variations inter se. 

In the discussion of the results of the experiments a general descrip- 
tion is given of the manner in which the degeneration of the cortical 
ayer expresses itself. This will not be repeated here. It is sufficient 
co mention that in the mildest degrees of degeneration cells are found 
vith a dark, »turbid» cytoplasm and poorly coloured nuclei, whereas 
in the more pror:ounced forms there is an unmistakeable destruction 
of cells and groups of cells, in such a manner that lacunas arise which 
mly contain fragments of degenerated cells. In the most violent forms 
of change the entire normal structure is effaced. Naturally, there are 
all possible transitions between the mildest and the most extreme changes, 
and the setting up in our table of 4 degrees of degeneration is to be 
regarded as a somewhat arbitrary choice, but it may, nevertheless, be 
found practicable for the purpose of a tabular summary. 

The hyperaemia also differs greatly in intensity. It would not be 
unreasonable to expect a certain “parallelism between the degree of the 
degeneration and that of the hyperaemia, in such a manner that with 
the most violent degeneration there would also be found the greatest 
hyperaemia. But there is no absolute parallelism in such respects. There 
may be great hyperaemia without any demonstrable degeneration, 
while, on the other hand, there may be a very pronounced degeneration 
vithout any hyperaemia or only a mild occurrence. In the case of the 
protracted observations, of 2 months or more, there is, however, on the 
whole, very good accord. It is also very possible that the accord between 
the degeneration and the vascular reaction during life has been more 
constant but that during the killing of the animal a change has taken 
place in the functional state ot the blood vessels. 

The cellular inflammatory reaction is, as mentioned, also of varying 
intensity. As a rule it is very little pronounced and may be absent in 
. very large number of cases. A pronounced inflammatory infiltration 
s only found in cases in which also the other changes are very great. 
Otherwise, it has not been possible to demonstrate any parallelism. 

Where there are such great individual variations as demonstrated 
in this material it is naturally very difficult to form any sure opinion 
on the development of the reaction of the suprarenal glands to roentgen 
radiation. But if the table is carefully studied a certain impression will, 
nevertheless, be gained of the course of the reaction curve. It will be 
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seen that in the animals killed 10 hours, 24 hours and 2 days after radi- 
ation, there is a clear hyperaemia in all layers of the cortex. In one cas: 
as early as 4 hours after there is hyperaemia in the zona reticularis, but 
this is very mild. During these first days there are no demonstrably 
degenerative changes. It is feasible to regard this early-occurring hyper 
emia as an initial reaction to the radiation similar to what has bee 
demonstrated in the skin (MrescHEr) and in a number of internal organ: 
such as the lungs and the stomach (ENGeLstTap). These experiment 
yield no sure information as to what is the basis of the initial reaction 
but it is undoubtedly reasonable to assume that here also there ar 
degenerative changes even at this stage, even though they are not de 
monstrable by means of the histological methods employed. The initia 
reaction in the suprarenal glands sets in during the course of the first 
10 hours after radiation and recedes again during the course of the first 
2—3 days. 

The degenerative changes do not appear until later on. It is tru 
that signs of degeneration in the zona fasciculata have been establishe: 
after the 3rd day, but here the changes were very slight. A pronounced 
degeneration is first found on the 6th day after radiation and from this 
period onwards more or less strong hyperaemia is also often found. h 
the later observations conditions differ greatly, but during the succeed 
ing weeks degeneration and hyperaemia of varying intensity are found. 
In a number of animals the histological finds have been of such a natur 
that we have not considered ourselves able to decide whether they ar 
to be interpreted as normal or pathological, since the deviations have not 
been greater than those which we can also find in our control material, 
or the sections have not been of such a kind as to permit an exact diag 
nosis. The individual variations, therefore, are scarcely so great as may 
appear to be the case according to the tabulation, but, on the other hand 
they are undoubtedly present. It must not be forgotten, however, that 
there may be present sources of error which cannot be controlled. Ther 
is, for example, the possibility that the site of the suprarenal glands in 
some animals may be such that they are on the edge or right outside of 
the irradiated field, even if the field is as large as that used by us. 

In the animals killed 2—6 months after radiation the changes seen 
to be more constant than in the previous observations. As far as can bi 
judged the changes seem to be greatest and most constant 3 months afte) 
radiation. But also as late as 6 months after radiation a clear degeneratio1 
can be seen and, to some extent, also hyperaemia. It is possible that th: 
degenerative changes which are found at this period represent the per- 
manent injury produced by the roentgen rays. 

With regard to the individual layers of the cortex of the suprarenal 
glands it will be found that the degenerative changes in the zona glomeru- 
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osa are least constant and least pronounced, considerably less than in the 
ona fasciculata and zona reticularis. It is difficult, however, to state 
he degree of real value which can be ascribed to this circumstance, since 
his layer has often been difficult to judge, inter alia, because it has very 
requently been a matter of some difficulty to obtain a completely satis- 
.ctory fixation and staining of this layer. For this reason it has been 
mpossible in many cases to make a sufficiently accurate study of the 
ndividual cells. After the protracted periods of observation, 2 months 
r more, there are to be found, however, as a general rule, conspicuous, 
hough generally mild, degenerative changes. In the zona fasciculata 
nd zona reticularis degeneration is found in a considerably greater 
umber of the experimental animals and the changes also are often more 
trongly pronounced than in the zona glomerulosa. This is in accord 
vith the previous experiences of ENGELSTAD. 

With regard to the lipoid content and the lipoid distribution in the 

adiated suprarenal glands it is very difficult to form any definite opinion. 
(he impression is gained that the lipoid distribution is very irregular 
is groups of cells are found which in osmium-treated sections show an 
ntirely black cytoplasm, whereas other cell groups have a clear, foam- 
ike or finely speckled cytoplasm (fig. 5). However, in the control material 
ilso the variations demonstrated in this respect are so great that we dare 
not undertake the determination of what is due to roentgen radiation 
ind what is due to other physiological or pathological factors. We have 
also endeavoured to study the so-called »sickle cells» but we feel unable 
to express any well-founded opinion upon their normal state or their 
ondition after roentgen radiation. 

In the medullary portion of the suprarenal gland we have in no 
ase found changes which we have considered could be justifiably regarded 
is a consequence of the roentgen radiation. In a number of cases the 
\ppearance of the medulla has undoubtedly been of such a nature that 
t would be feasible to believe that there was degeneration, but we have 
ilso come across corresponding changes in the control material. 

In the thyreoid gland, the hypophysis and the testicles no sure 
leviations have been demonstrated in any single case. In some cases 
pronounced degenerative changes have been found in the ovaries, but in 
ur Opinion these must be due to the fact that the organs in question 
iave come within the radiated area. It might not, per se, be altogether 
improbable that, after radiation of the suprarenal glands, secondary 
‘hanges could take place in other organs with internal secretion, with 
which the suprarenal glands are in correlation. But the determination 
of this question would call for an enormous control material. 


ROLF BULL ENGELSTAD AND OLAV TORGERSEN 


SUMMARY 


The authors have examined the suprarenal glands of 41 rabbits 4 hours to 6 mont! 
after roentgen radiation with doses of 2,200 r—2,500 r administered in one seance, a1 
of 17 normal control animals. These doses produce marked degeneration in the corte 
hyperaemia and in some cases inflammatory infiltration. The radio-sensitivity of t] 
suprarenal glands shows a very good accord with the skin tolerance in rabbits. T) 
degeneration is most constant and most pronounced in the zona fasciculata and zor 
reticularis. In the medullary substance no sure degeneration is proved. The reacti 
curve shows an initial hyperaemia beginning within the first 10 hours after the radiatix 
and receding during the course of the first 2—3 days. A pronounced degeneration (t! 
main reaction) is first found on the 6th day after the radiation; it is accompanied by hy 
peraemia and, in a number of cases, slight lymphocytic infiltration. The changes see: 
to be greatest and most constant 3 months after the radiation, but also 6 months aft: 
a clear degeneration can be seen. 

The lipoid distribution seems to be very irregular in the irradiated suprarenal gland 


ZUSAMMENFASSUNG 


Die Verfasser untersuchten die Suprarenaldriisen von 41 Kaninchen zwischen 4 
Stunden und 6 Monaten nach Réntgenbestrahlung mit Dosen von 2 200 r — 2 500 
die in einer Sitzung administriert wurden, und dieselben Driisen von 17 normalen Kon 
trollkaninchen. Die genannten Dosen rufen ausgepriigte Degeneration im Kortex hervor, 
ferner Hyperiimie und in einigen Fiillen entziindliche Infiltration. Die Radiosensibiliti 
der suprarenalen Driisen steht mit der Hauttoleranz bei Kaninchen in sehr guter Ub« 
einstimmung. Die Degeneration ist in der Zona fasciculata und Zona reticularis ar 
konstantesten und am ausgesprochensten. In der Medullarsubstanz war keine sichere 
Degeneration festzustellen. Die Reaktionskurve zeigt eine initiale Hyperimie, die in 
den ersten 10 Stunden nach der Bestrahlung einsetzt und im Laufe der ersten 2—3 Tag 
wieder zuriickgeht. Eine ausgesprochene Degeneration (die Hauptreaktion) findet ma: 
erst am 6. Tage nach der Bestrahlung; sie ist von Hyperiimie und in einer Anzahl vor 
Fiillen von leichter Lymphozyteninfiltration begleitet. Die Verinderungen scheinen 5 
Monate nach der Bestrahlung am gréssten und konstantesten zu sein, aber auch 6 Monat 
danach kann eine deutliche Degeneration sichtbar sein. 

Die Lipoidverteilung scheint in den bestrahlten suprarenalen Driisen sehr unregel 
miissig zu sein. 


RESUME 


Les auteurs ont examiné les glandes surrénales de 41 lapins, 4 heures 4 6 mois apré 
une irradiation de roentgen 4 doses variant entre 2,200 r et 2,500 r, administrées en un 
séance, ainsi que celles de 17 animaux témoins. Ces doses produisent une dégénératio! 
marquée de la cortico-surrénale, de l’hyperémie et dans quelques cas une infiltration in 
flammatoire. La radio-sensibilité des glandes surrénales correspond trés bien 4 la tol: 
rance cutanée chez les lapins. La dégénération est spécialement fréquente et prononce: 
au niveau de la zone fasciculée et au niveau de la zone réticulée. Aucune dégénératio! 
certaine n’a pu étre révélée dans la médullo-surrénale. Le cours de la réaction montr 
une hyperémie initiale commengant dans les 10 premiéres heures aprés les radiations e 
disparaissant durant les 2—3 premiers jours. Une dégénération prononcée (la réaction 
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principale) ne se rencontre que dés le sixiéme jour, elle est accompagnée d’hyperémie et 
dans certaines cas d’une légére infiltration lymphatique. Les altérations semblent étre 
les plus grandes et les plus fréquentes 3 mois aprés l’irradiation, mais aussi aprés 6 mois 
une dégénération nette peut étre apercue. 

La distribution des lipoides semble étre trés irréguliére dans les glandes surrénales 
irradiées. 
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FROM THE ROENTGEN DEPARTMENT OF THE CENTRAL HOSPITAL, VASTERAS, SWEDEN. 
HEAD PHYSICIAN: A. RENANDER, M. D. 


ROENTGENOLOGICAL CHANGES IN THE LUNGS 
CAUSED BY ACETYLENE GAS' 
by 
Axel Renander 


Communications respecting the changes in the lungs caused by gas 
injuries, and observed on roentgenological examination, are extremely 
rare. In 1930, the present writer described in »Acta Radiologica» the roent- 
genological changes in the !ungs in a case of nitrous gas injuries in the 
lungs. In connection with this, there was given a summary of the few 
roentgenological publications of gas injuries in the lungs, and a descrip- 
tion of the macro- and microscopic changes in the lungs, those, above all, 
occasioned by nitrous gases. Readers who may wish to learn about these 
questions in some de tail are referred to the writer’s previous paper and to 
the list of literary references given there. In the present communication 
there will be given merely an account of the roentgenological finds and the 
reflections caused by them, in a case of pulmonary lesions caused by 
inhalation of acetylene gas, which the author has had an opportunity of 
investigating. 


On *%/, 1937 there was admitted to the medical department at Visterais Central 
Hospital a youth, E. A. N., 15 years old (Journal: 68/1937), who had been engaged 
for a fortnight in the welding of an aluminium cylinder, 10 metres long and 2%/, metres 
in diameter, and the day before his admission to the hospital had shown some slight signs 
of bronchitis. The welding had been carried out by means of a mixture of acetylene 
gas and oxygen. To do such work, the gas-mixture is compressed under high pressure 
and has an excess of acetylene. In consequence, in the operation of welding, not all the 
acetylene is consumed and if — as in this instance — the work is being done in a cylinder, 
the welder will be working in air vitiated by acetylene. The day before his admission 
to the hospital, the patient had, as usual, worked inside the aluminium cylinder without 
wearing a gas-mask, and had stayed there about 15 minutes. During the dinner hour, 
the patient had suddenly collapsed and displayed pronounced dyspnoea. During the 
night he slept uneasily and in the morning his expectoration was streaked with blood. 
In addition, he complained of aching behind the sternum and in the epigastrium. 


1 Submitted for publication, July 2, 1937. 
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Fig. 1. 


The day after the patient’s admission to the hospital the dyspnoea was somewhat 
less severe and the patient felt better. He was evidently still affected, however, and 
appeared somewhat listless. Pronounced paleness. Dyspnoea with superficial short 
breathing. Expectoration rubiginous. On physical examination, there was discovered in 
the lungs a somewhat shorter tone in both foss. supra- and infraspin. Within these areas 
there were heard numerous crepitant and small hard rales, diminishing basally but, 
posterially, spread over the entire pulmonary field. Sputum: 0 TB. Some few eosino- 
philous blood corpuscles. No elastic threads. Cor: No enlargement. Slight throbbing 
tones. No murmurs. A. few extra systoles. Electrocardiography: O pathologically. Liver and 
spleen: not palpable. Urine: Heller and Almén neg. Urobilin pos. Rest N= 37 mmgr. %. 
Blood examination: 0 pathologically. Sedimentation reaction: 34 mm/1 hour. Temp.: 
37.8° C. Roentgen examination: */, 1937. (RENANDER.) (See Fig. 1.) Sinus and diaphragm 
dome free. General air content somewhat diminished. In the right lung, over an area of a 
good hand’sbreadth, in the median and basal parts paracardially, a clody and irregular 
congestion in the parenchyma, together with a deposit of coarse patches in the lungs. 
The changes fade away without any sharp boundaries towards the surrounding parts. 
Similar changes in the left lung, but still more widely spread. Here, they extend to the 
height of the clavicle and embrace as good as the whole of the lung with the exception 
of the very apex and base. The vascular configuration in both lungs more pronounced. 
No displacement of heart and mediastinum. The heart of normal size and form. 

The roentgen examination discovers extensive broncho-pneumonial changes in both 
lungs. 


& 


REN ANDER 


Fig. 2. 


Control-examination: */, 1937 (three days after the first examination). The widely 
spread pulmonary changes are now completely absorbed, and both lungs display a roent- 
genologically normal appearance. (See Fig. 2.) 


In the case described, consequently, there are present widely _ ad, 
fugitive pneumonic exudations after inhalation of acetylene yas. As far as 
the writer is aware, similar observations have not pre viously been pub- 
lished, an astonishing fact when we consider how easily such poisonings 
may arise, in welding work, especially. 

The similarity w ith changes in other injuries caused by the inhalation 
of gases, the nitrous, especially, consists of the fugitive character of the 
infiltrate. Even advanced changes can disappear without a trace from the 
roentgen picture, already after 3 to 5 days. In the writer’s former case 
of gas injury after inhalation of nitrous gases, the extensive changes im 
the roentgen picture were found to have disappeared completely when a 
control roentgen picture was taken five days later on, and in the case just 
described above, no changes could be found on control examination after 
so few as three days later. The explanation of this rapid absorption must 
be, partly the circumstance that the pneumonic exudations are sterile, 
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and partly because the injuries to the bronchial walls are confined to 
being relatively superf'cial epithelial lesions, so that there occurs no growth 
f granulation tissue into the bronchial lumina. The fociform pneumonias 
und the obliterating bronchiolitis characteristic of gas injuries (SCHULTz- 
BrauNS, BEINING) can, then, be absorbed by the epithelium itself and 
‘omplete restoration be obtained. If, on the other hand, the pulmonary in- 
jury be more deep-reaching, the absorption of the exudations takes place 
more slowly through a granulation tissue which grows into the lumen 
rom the bronchial walls. In such a case, there is developed a fibrosis 
which must find expression in the roentgen picture. Such a healing, 
\owever, is probably rare as, if the pulmonary injury is more deep-going, 
he patient usually dies. 

A characteristic of ordninary gas injuries seems to be that the macro- 
copic changes in the lungs, as well as the roentgen picture, display great 
norphologic ‘al resemblances to a miliary-the. This was the case, too, with 
he imstance of nitrous gas injury previously examined by me. In the 
‘ase which has just been described, the changes present no such miliary- 
be picture, but have a greater resemblance to widely spread, confluent 
rronchopneumonias of non-specific type. In both cases there was observed 
in evident diminution of the general air content in the lungs, this being 

certainly resulting from an edema, which is always present in cases of 
gas Injuries to the lungs. 


SUMMARY 


The writer describes a case of acetylene gas poisoning, with widely spread fugitive 
ronchopneumonia-like infiltrations in both lungs. In this case, the changes did not 
lisplay the macroscopic resemblances to a miliary-tbe which are visible in ordinary gas 
njuries, those caused by nitrous gases especially. They had more the character of a w ‘ide ly 
spread, confluent bronchdpneumonia of non-specific type which, on control examination, 
three days later, proved to have been completely absorbed. 


ZUSAMMENFASSUNG 


Verf. beschreibt einen Fall von Azethylengasvergiftung mit weitverbreiteten fliichti- 
gen bronchopneumonieahnlichen Infiltrationen in beiden Lungen. In diesem Falle zeig- 
ten die Veriinderungen nicht die makroskopischen Ahnlichkeiten mit einer Miliartbe., 
lie bei gew6hnlichen Gasschiiden sichtbar sind, die besonders durch nitrése Gase hervor- 
gerufen werden. Sie hatten eher den Charakter einer weit verbreiteten, konfluierenden 
Bronchopneumonie nicht spezifischer Natur, die, wie die Réntgenkontrolle ergab, nach 
lrei Tagen vollig absorbiert war. 


RESUME 


L’auteur décrit une observation concernant un empoisonnement par l’acétyléne, 
qui présentait dans Jes deux poumons des infiltrations fugaces et disséminées rappelant 
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celles de la broncho-pneumonie. Dans ce cas les altérations ne ressemblaient pas macro- 
scopiquement a la granulie pulmonaire, comme on le voit ordinairement dans les lésions 
causées par des gaz, spécialement par les gaz azotiques. Elles avaiant plutdt le carac- 
tére d’une broncho-pneumonie largement disséminée et confluante de type non spéci- 
fique qui & l’examen de contréle trois jours plus tard s’'avéra complétement absorbée 
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FAMILIAL DISSEMINATED OSTEOSCLEROSIS' 
by 


K. F. B. Busch, M.D. 
Chief Radiologist, Horsens Municipal Hospital (Denmark)? 


In 1915, ALBERS-SCHONBERG described some curious changes, of 
kind not hitherto observed, which he had incidentally found in the 
bones of a patient sent to him for roentgen examination on some other 
account. He spoke of them as: eine seltene, bisher nicht bekannte Struk- 
turanomalie, possibly wishing thus to indicate that he did not believe 
them to be actual pathologic changes; in support of which he pointed 
to the fact that the condition had not given rise to any morbid phenom- 
ena in the patient. Of their origin he did not express any opinion; 
he had not followed the case, and thus did not know whether they were 
stationary. 

Since then, similar cases have from time to time been reported in 
the literature. The reports have come from countries widely apart, 
which shows that the incidence of the condition is not confined to any 
particular locality or group of localities. The individuals in whom it 
was found did not present any symptoms which would cause them to 
be examined precisely with a view to its existence; in most instances 
the discovery was made, just’as in ALBERS-SCHONBERG’S case, incident- 
ally to a roentgen examination for some other purpose. In recent years 
some cases have also been found in connexion with investigations into 
the familial occurrence of the changes. How uncommon these must 
be will be realised if we consider how many people are roentgen-examined 
every day, all over the world, and yet how few cases of this kind are 
reported. 

The osseous changes, as described by the different authors, have 
in typical cases been very much alike. The roentgenologic picture has 
been characterised by the presence, in nearly all parts of the skeleton, 

1 Submitted for publication, May 2 nd. 1937. 

2 The investigations accounted for in this paper were carried out in Aarhus, at the 
Radium Centre for Jutland (Director: Cart Kress, M. D.). 


694 K. F. B. BUSCH 


of numerous roundish or oval, or sometimes almost striate opacities 
from millet-seed to pea-sized or even larger; most of them from 2 to 5 
mm.; their longest axis parallel to the longitudinal axis of the bone 
The spots were most numerous in the epiphyses and metaphyses of th 
long tubular bones, decreasing in numbers as they approached the dia 
physis, the centre of which was nearly always left free. They were nu 
merous also in the bones of the hands and feet, in the scapula, and par 
ticularly in the pelvis, in the porti: about the acetabulum. In the rib 
and clavicles they were few. In the .pine they were found only in a fey 
cases, and in no instance in the body of a vertebra. In the bones of th 
skull none were found in any of the typical cases. 

In 1928, BuscHKE and OLLENDoRFF described a cutaneous affectior 
which they had observed in patients with this osseous anomaly. Later 
similar cases were found in 1932 by WinpDHOLZz, in 1933 by pD’Vacia\ 
Svas. These authors therefore concluded that the changes in the bone 
and those in the skin must be related and of the same origin. The cuta 
neous symptoms were described as disseminated longish or roundis! 
lentil-sized, slightly elevated, whitish-yellow infiltrations, occurring sym 
metrically distributed in various parts of the skin, specially localised 
to the buttocks and thighs. BuscHke and OLLENDORFF termed the af 
fection: dermatofibrosis lenticularis disseminata. 

Several authors (VOORHOEVE, 1924; WiLcox, 1932, WINDHOLz, 1932: 
p VACLAV SvaB, 1933) stated that the osseous and cutaneous change: 
were familial and hereditary. Though this conclusion was based in each 
instance on investigations including only two or three members of a 
family, Scuinz, Banscu-FRIEDL in their textbook of X-ray diagnosis 
(1952) spoke of the anomaly as a generalised, polytopical, enosteal osteo- 
sclerosis, manifesting itself as a systemic affection and due to genotyp- 
ical causes; and added that it probably arose through mutation and 
was inherited recessively. The condition in the bones has by the dif 
ferent authors been given different names, such as: osteitis condensans 
generalisata, osteopathia condensans disseminata and osteosclerosis fragilis 
generalisata. The English simply call it »spotted bones»; but the name 
by which it is now most often designated, also in the textbooks and 
literature, is: osteopoikilosis. This is not a very good appellation either, 
though; because it conveys nothing in regard to the characteristic changes 
in the bones, but might apply just as well to any other scattered opac- 
ities in the skeletal system. For reasons which will appear in the fol- 
lowing, I have therefore preferred the designation: familial disseminated 
osteosclerosis. 

In the spring of 1932 a case of this disease was found in the roentgen 
clinic of the Aarhus Municipal Hospital, in a female patient who was 
being examined there on some other account. I took occasion of this 
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Female F,; 24. Aarhus Family. 


to make a thorough investigation, not only among her immediate family, 
but also, to the widest possible extent, among the more distant ramifi- 
cations of the latter. It happened so fortunate that the »tribe» was very 
numerous, so that it could be examined in four generations. Among 
its members I found 14 cases of disseminated osteosclerosis. Beside 
this family, which I call Line A (Genealogical tree A. Fig. 1), I examined 
a collateral branch (the »Oerum» family), but found no case of the changes 
there. In the fall of 1933 I received yet another case, this time from 
the roentgen clinic of the Aarhus County Hospital (Chief Radiologist: 
Dr. Licut). This patient, also a woman, belonged to quite another 
family than the cases I had investigated the year before, and investi- 
gation among her relatives showed hers to be an isolated case. 
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On the basis of these 15 cases, together with those reported in the 
literature, I have endeavored to give an account of the etiology, patho- 
genesis and symptomatology of these uncommon osseous changes, and 
to throw some light on the mechanism of their heredity. In my investi- 
gations I have tried especially to come to a decision as to whether they 
should be regarded merely as 
an anomaly unproductive of 
any discomfort or ill-effects 
to the patient, or whether 
iny pathologic conditions 
could be demonstrated, which 
might directly or indirectly 
be due to the changes in the 
bones. I have been further 
prompted to undertake these 
investigations by the fact 
that no case of familial dis- 
seminated osteosclerosis has 
hitherto been described in 
Denmark, and that in two 
of my cases ignorance of this 
rare anomaly had at one time 
resulted in the mistaken diag- 


nosis of osteoplastic meta- 
stases of carcinoma. 
ALBERS-SCHONBERG’S Case 
represents the classical pic- Fig. 3. Female F; 24, Aarhus Family. 


ture of the osseous changes 

in disseminated osteosclerosis. Since it was published, a number 
other reports have appeared, describing exactly similar changes in 
the skeletal system. In all these cases the roentgenologic findings 
have been characterised by the symmetrical distribution of the opacities, 
with typical localisation to the epiphyses, metaphyses and nearest 
part of the diaphyses of the long tubular bones, the bones of the 
hands and feet, the scapula, the bones of the pelvis; beside more isolated 
spots» in the clavicles, the ribs and the transverse processes of the lum- 
bar spine. The spots are of uniform appearance, being well defined, in- 
tensely opaque and of homogeneous structure. 

Beside these typical cases, some others, which resemble them greatly, 
have been described under the same name. The characteristic localisa- 
tion and symmetrical distribution of the osseous changes is the same; 
the difference, which is really slight, consists in another shape and ap- 
pearance of the opacities in the bones. The words: symmetry and sym- 
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Fig. 4. Male Fy 29. Aarhus Family. 


metrical are of course not to be taken here in the sense of a reflected image, 
where each opaque spot in a certain part of the skeleton on one side has 
its exact individual counterpart on the other. By »symmetrical distri- 
bution», as described in these cases of disseminated osteosclerosis I un- 
derstand merely the presence of opacities, few or many, in two corres- 
ponding skeletal sectors on either side of the body. This enables me 
to include in the material considered two cases described by Voor- 
HOEVE, in which the opacities, beside being very deep, were for the 
greater part streak-formed; though there were also some »spots» of th 
usual type. The localisation was the same as in nearly all other cases 
of disseminated osteosclerosis. As I hold the symmetrical distribution, 
together with the typical localisation, to be the distinguishing charac- 
ters of the disease, I have, on the other hand, been obliged to leave out 
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Fig. 5. Female Fy, 31. : Aarhus Family. 


a case described by ERBSEN, in which not only the localisation was en- 
tirely asymmetrical, but there were opacities also in the bones of the 
skull; and various other cases with incidental findings of more or less 
deeply opaque, roundish or striate spots in the skeleton. While the 
name: osteopoikilosis may quite properly be retained as designation for 
such only slightly characteristic, incidental densifications in the bones, 
| have wished by the name: disseminated osteosclerosis to circumscribe 
and classify that series of typical, easily recognisable osseous changes 
which begins with ALBERS-SCHONBERG’s case and presents the same 
identical characters as the latter. 

In all the fifteen cases of disseminated osteosclerosis investigated by 
nyself — the fourteen of Line I (Family tree A; Fig. 1) and the isolated 
‘ase from another family (Figs. 11—12) — I found on roentgen exam- 
ination of the skeleton osseous changes precisely similar to those de- 
scribed under the typical cases in Group |. In every instance the charac- 
ceristic features were the symmetrical distribution and the typical lo- 
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‘ig. 6. Female F,; 31. Aarhus Family. 
Radiograph 7th Sept., 1932. 


calisation. The number and density of the opaque spots might vai 
more or less in the different cases, but they were always homogeneo: 
and well defined. In none of the patients were there any opacities i 
the bones of the skull. 

As my investigations show, I did not succeed in finding any cas 
of disseminated osteosclerosis in the oldest generation (P) of Line 
The fourteen cases in this line fall on the generations F,, Fy, and F) 
On comparison of the roentgenologic findings it appears as if the opa 
ities in the bones in generation F, (Figs. 2—3) are somewhat less pri 
nounced than in generation F, (Fig. 4); and in the patients of generatio 
F, there was often in the osseous structure a strong striate design at th 
places where the opaque »spots» are usually most numerous; for instanc 
in the pelvic bones around the acetabulum, and in the neck of the femu 
The three members of the F, generation in whom the osseous change 
were found were respectively 65, 57 and 51 years old. For the fact that 
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7. Female Fy, 31. Aarhus Family. 
Radiograph 12th Nov., 1935. 


1e opacities are less pronounced in these patients I see two possible 
xplanations. Either the osseous changes in disseminated osteosclerosis 
ecome more marked in the successive generations, or they may not be 
as constant as generally supposed, but recede somewhat with advancing 
ge, when the usual senile atrophy sets in. The opacities are namely 
found both in greater numbers and more widely distributed in genera- 
on F,, than in F;. 

In generation F;, (Figs. 4, 5, 6 and 7) most of the opacities have 
the form of spots, and it is only in a few cases that a more pronounced 
riate design is found in the bone. On the other hand, the spots are 
ften disposed in such lengthwise formation that one may almost speak 
- continuous longitudinal bands, extending for as much as 5—6 cm., 
| the long tubular bones. Though, on the whole, the osseous changes 
tiay thus be said to be more strongly developed in this generation, they 
ary also here, both as to numbers and size, from one individual to 
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ig. 8. Girl Fy, 32. Aarhus Family. 


9 
Radiograph 25 May, 1934. 


another. Thus, in one of the patients of this generation the changes were 
even fewer than in any of the patients of generation F;. The opacities. 
however, were in this patient, as in all the others of generation Fj,, bot! 
deeper and better defined than in the patients of generation F;. Al! 
the patients of generation F;; were in ages ranging from 22 to 36 yea 
One of them has been under observation for 3 years (Figs. 6—7), and 
during that time no change has been observed either in the numb 
size or intensity of the opacities in the bones. 

In generation F,,,; (Figs. 8—9) the osseous changes were found 
three children, respectively 5, 4 and 2 years old. In the bones of t! 
two oldest of these, opaque spots were found already at the first exan 
ination, but they were only few in number. At the later examinatio) 
the opacities were found to have increased both in number, size and | 
tensity. In the boy of two years there was at the first examination on 
a certain accentuation of the structural design of the bones in tho 
places where the opacities are found in greatest numbers in adult p: 
tients. At a second examination, six months later, distinct opaque spo 
were found, with the typical localisation. 

It has hitherto been maintained that the changes in the bones do ni 
manifest themselves until toward the age of puberty, and that the 
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ig. 9. Girl Fy 32. Aarhus Family. 
Radiograph 12th Nov., 1935. 


afterwards remain stationary, but the study of my patient-material 
thus shows that they can be demonstrated very early, probably already 
in the second to third year of life, when the osseous structure has be- 
come sufficiently developed to produce shadow. The opacities seem to 
become denser with advancing growth, but then to remain stationary 
for a period of years. Afterwards they possibly become involved in the 
yeneral senile atrophy of the bones, or perhaps merely lose some of their 
intensity, independently of the latter. It also seems that where the 
anomaly occurs familially, the changes in the bones may become more 
accentuated from one generation to the next. The sex incidence seems 
to be fairly equal. Of the cases reported in the literature, 19 are male, 
6 female. In my material 4 are male, 11 female. 

Both the literature and my own investigations among the members 
of Line I show that disseminated osteosclerosis is hereditary and famil- 
ial. In the literature, as well as in textbooks of X-ray diagnosis, it is 
usually stated that the hereditation is recessive; but this conclusion is 
based on investigations embracing in each instance only some very few 
members of a family: and D VACLAV SvaB, at least, believes that the 
changes, which he found in a father and his two sons, are inherited dom- 
inantly. My investigations on the members of Line I seem conclusively 
to prove that this is indeed the case; though the one instance of the anom- 

45— 370088. Acta Radiologica. Vol. XVIII. 1937. 
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Fig. 10. Female; Line II, isolated Case. 
Beside the typical dessimmated osteosclerosis. There is a calcified 
gland in the soft tissues of the small pelvis. 


aly which I found in what I have called Line II shows that also iso- 
lated cases may occur. The mechanism of the heredity may be explained 
by assuming that the osseous changes are due to the presence of a single 
dominant factor, which makes the manifestation uncertain. 

Of the cases described in the literature there was only one in which 
patho-anatomical study of the changes could be made. In all the others, 
the osteosclerosis did not give rise to any symptoms at all, and the pa- 
tients were not suffering from any affections that would justify surgi- 
‘al intervention of a character which would make histologic examination 
of the osseous tissue possible. The one case thus examined was reported 
by ScumorL, in 1931. The patient was a young man, sixteen years old, 
who died of chronic osteomyelitis. ScHMORL made a very careful study 
of the bones, both where these showed osteosclerotic changes and where 
there were osteomyelitic processes as well. According to his investiga- 
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ions, the individual densified 

reas consist of solid ac- 

umulations of bone trabe- 

ule, lying in the normal 

sseous tissue without produc- 

ig the slightest reaction in 

he latter. The characteristic 

oentgenologic picture is thus 

ue to these small, circum- 

‘ribed patches of sclerosis 

a the bone tissue. 

In some of the cases re- 

orted in the literature, the 

atients are described as af- 

ected also with cutaneous 

‘sions of a characteristic 

ppearance; the single ele- 

ents resembling ordinary 

ibromas of the skin. In five 
cases — one by BuscHKE and 
OQLLENDORFF, two by WIND- 

(oLzZ and two by VACLAV 

— the cutaneous mani- 

festations are described exact- 2 

ly alike as disseminated, up Fig. 11. Female; Line II, isolated Case. 

to lentil-sized roundish or 
oval, sharply circumscribed, yellowish-white or brownish-yellow infil- 
trates in the cutis. In four of the cases, the distribution was symmet- 
rical, with localisation specially to the flanks, the buttocks and the 
osterior side of the thighs. In one case the lesion was of slight extent, 
ing confined to the lateral side of one thigh. The histological exam- 
1ation made in WINDHOLZ’s two cases showed hyperplasia of the con- 
ective tissue, without inflammatory reaction, and not of tumorous 
ature. The hyperplasia involved all the layers of the cutis, and the 
ipper layer of the subcutis. The elastic fibres were well preserved. All 
he authors by whom these cutaneous changes were observed held them 
o be associated with the condition in the bones, and due to the same 
auses. They were confirmed in this by comparing the microscopical 
ictures of the condition in the bones and the skin. In the skeleton, the 
icture was that of areas with closely packed bone trabecule; which, 
ke the connective-tissue hyperplasia of the skin, produced no inflam- 
1atory reaction in the surroundings. The observers supposed that the 
utaneous affection, like that of the bones, was constant, and it also 


| 


K. F. B. BUSCH 


seemed that it was heredit 
ary, as WINDHOLZ’s two case 
were found in a father an 
his daughter. It was give 
the name: disseminated lei 
ticular dermatofibrosis. 

In my material, cutaneou 
changes were found in si 
patients, 1 male and 5 femal 
all of Line I. Four of ther 
belonged to the generation F 
(Fig. 12), and represented tw 
different branches within th 
latter (the »Aalum» famil 
and the »Aarhus» family 
The two others belonged t 
generation F,,,. In the fou 
patients of generation F;, 
the skin affection was of sligh 
extent, being confined to an 
area, the size of a palm, on 
one of the thighs. The ap 
pearance of the lesions was 

on the whole the same as i! 
Fig. 12. Female Fy; 31. Aarhus. Family. the cases described in th 
(Lenticular patches on the thigh.) literature; the individual ele 
ments were from lentil- to 
bean-sized, slightly elevated, slightly infiltrated, displaceable in rela 
tion to the underlying tissues, and rather of a yellowish-brown colo: 
The hairy growth was stronger on the affected areas than on th 
surrounding skin. In the two patients of generation Fy, — tw 
children respectively five and four years old — the cutaneous lesion 
were localised to the abdomen (Fig. 13). Also here they were < 
slight extent, but their appearance somewhat different from tha 
observed in the adults; the individual elements being of a whitish 
vellow color, lighter than the surrounding skin, very little noticeab! 
easier palpated than seen. From one of the childern a specimen we 
excised for biopsy. It showed a picture almost identical with the o1 
described in the literature, of connective-tissue hyperplasia with 1 
reaction in the surroundings and numerous well preserved elastic fibr 
(Fig. 14). In none of my cases was there any symmetrical distributior 
and from the information elicited it would seem that the appearan: 
of the lesions was not constant. The mother of the two children of gei 
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‘ration F,,; — who was one 

f the four adults with the 

utaneous affection — said 

hat both in herself and her 

isters the lesions had, while 

hey were children, been of 

he same appearance as it 

ow showed in her two small 

aughters. She thought it 

vas only after the age of 

uberty that they had become 

ore brownish of color and 

he hairy growth stronger. 

‘his change in the appear- 

nee of the cutaneous affec- 

ion during the period of 

rowth accords well with the 

esult of my investigations 

m the changes in the bones, 

vhich also seem to increase 

intil the subject has attained 

ts full development. From 

hen on, the condition both Fig. 13. Girl Fy; 33. 
n the bones and the skin 
seems to remain constant, at 
least for several decades. 

I have only found the cutaneous affection in patients with the os- 
seous anomaly, and only in 6 of my 15 cases of the latter. Also from my 
nvestigations it would seem that the cutaneous affection is both fam- 
ilial and hereditary; but, as we see, its manifestation is not as constant 
is that of the changes in the bones. Winpuowz thinks that the reason 
vhy cutaneous symptoms are reported in so few of the published cases 
if disseminated osteosclerosis is that the changes in the skin are so little 
noticeable, and that the observers either have not had an eye for, or 
have not been acquainted with the existence of this affection. The 
ame does not apply to my material. Throughout my investigations I 
lave precisely been on the look-out for the occurrence of these cutaneous 
‘hanges. As they were not present in any of the members of Line I 
vhose bone system was unmarked by osteosclerosis, and as their ap- 
pearance is so little characteristic, | hold that the simultaneous pres- 
‘nce of the changes in the bones should be a condition for making the 
liagnosis of disseminated lenticular dermatofibrosis. I therefore can- 
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(Lenticular spots on abdomen.) 
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ade 


Fig. 14. Girl Fy, 33. Lenticular infiltration. 
(The picture shows the well preserved elastic fibres.) 


not accept as such the three cases which Pokorny has described unde: 
that name, in which osseous changes were absent. 

The patient of my material who belonged to Line II, and who was 
an isolated case (Figs. 10—11), had alopecia of the scalp, but no othe 
affection of the skin. Also her three brothers, whose bone system was 
normal, had alopecia; in all four the affection had begun in childhood 
I do not feel justified, however in drawing any conclusions, on this slen 
der basis, in regard to a possible association between the osseous change 
and the alopecia. 

WINDHOLZ says that subjects with disseminated osteosclerosis seem 
to be stunted of growth. None of the other authors mention anything 
about the stature of their patients. In my material, all the member: 
of the two lines, I and II, both those with osteosclerosis and the others 
were below medium height.. The mean for the males of Line I, wit! 
or without the anomaly, was 162 cm.; for the females respectively 157 
and 159 cm. This is considerably below the Danish average, which i 
1934 is stated to be, for men, about 170.72 em. My investigations do not 
enable me to conclude anything as to whether the stunted growth is a 
characteristic for patients with disseminated osteosclerosis. Another im- 
mediately noticable feature, common for all the members of Line I, 
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whether they had osteosclerosis or not, was their broad hands with short 
fingers. Psychically I found nothing abnormal, except that one of the 
patients with osteosclerosis was feeble-minded; but it is hardly possible 
from this single case to conclude that the family is psychically degen- 
erated. 

According to. WINDHOLZ, congenital malformations should be fre- 
quent in patients with disseminated osteosclerosis. Among my cases [| 
found only one such instance: a spina bifida in the first sacral segment 
in patient F,,; 32. In view of the descriptions which several authors 
give of the presence of such malformationes it can hardly be altogether 
denied that the same factors which determine the occurrence of dissem- 
inated osteosclerosis may possibly give rise also to other malformations 
in those subjects; though seemingly not of such a degree as to hinder 
the development of the individual. In the lineage | ‘investigated, the 
offspring was numerous, and there was no tendency to abortions or 
the production of non-viable children. The procreative faculty thus 
does not seem to be impaired in the subjects with disseminated osteo- 
sclerosis; nor does their viability, according to my observations, seem 
to be reduced. 

In some of the cases reported in the literature, the patients were 
suffering from rheumatic affections and complaints. From this, Wrp- 
HOLZ concludes that disseminated osteosclerosis is not an innocent os- 
seous anomaly, but that, in reality, we have to do with a well defined, 
characteristic pathological picture, composed of rheumatic conditions, 
cutaneous and osseous changes. Of the patients with osteosclerosis in 
my material, four were suffermg from different rheumatic affections, 
and complained of indefinite pains in the extremities. The others had 
had neither rheumatic nor articular troubles; and they all, without 
exception, attended to their occupations as farmers, housewives, domes- 
tic servants, etc.; — tasks which demanded heavy work, but which 
they did without difficulty. After this I believe it is impossible to con- 
clude anything as to whether the condition in the bones is particularly 
associated with rheumatic affections or creates a predisposition to such. 
With our present knowledge we can only say that disseminated osteo- 
sclerosis seems to be an innocent anomaly, in so far as it does not give 
rise to any pathologic conditions in the individual. 

Concerning the etiology of the condition, various theories have been 
advanced. According to Dorp-BEUCKER ANDREAE, WACHTEL, STEEN- 
HuIS and Haack the osseous changes should be due to infection through 
a hematogenic scattering of bacteria; resulting in the formation of mul- 
tiple small foci in the bones, which eventually become calcified and thus 
constitute areas of greater density. This theory will not explain the 
familial cases, however; and thus loses most of its value, as we should 
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have to suppose that the anomaly might arise also from other causes. 
Though, theoretically, it cannot be denied that a hematogenic scattering 
of bacteria, with the formation of multiple osseous foci, may produce 
a picture similar to what we find in disseminated osteosclerosis, it is 
most reasonable to suppose that the isolated cases of that anomaly 
have the same genesis as the familial. In the isolated case in my ma- 
terial, the patient had pulmonary tuberculosis and an old glandular 
tuberculosis. In the members with osteosclerosis of Line I there was 
no case of tuberculosis or other infectious diesase of which it might be 
thought that it could have had any bearing on the development ‘of the 
anomaly. Other authors believe that the condition arises as the result 
of endocrinous disturbances localised specially to the parathyroid glands. 
It would thus have to be supposed that those changes were hereditary, 
and might perhaps give rise to disturbances of the phosphorus- and cal- 
cium metabolism. WINDHOLZ examined the calcium and phosphorus 
contents in the blood serum of two of his patients, and found normal 
values for both. I made similar examinations on my material, in regard 
to 6 subjects with osteosclerosis and 4 normal, all belonging to Line | 
or its collateral branch. The calcium values were normal in them all, 
but in two the phosphorus content was slightly increased. One of these 
had Basedow’s disease in addition to the osteosclerosis; the other was a 
vey old man, who did not have osteosclerosis. In view of these results, 

- both my own and those of other investigators, — I hold it for unlikely 
that the anomaly should be due to disorders or changes in the para- 
thyroids. 

Several authors — ALBERS-SCHOENBERG, LEDOUX-LEBARD, GLUCK, 
Scuinz — would maintain that the well known »islands» of compact 
tissue (»>Kompaktainseln») are due to the same causes as disseminated 
osteosclerosis, and that the latter condition merely represents an enor- 
mous development of the »islands». It may be said in support of this 
theory that the microscopical structure is the same in both, and that 
the localisation of the isolated compact-tissue islands is the same as 
that of the »spots» in disseminated osteosclerosis; but the »islands» al- 
ways occur in small numbers, and without symmetrical localisation. 
The picture of a systemic affection is thus entirely lacking. If it were 
really a matter of two different degrees of development of the same 
anomaly, it might further be expected that a familial investigation cov- 
ering so many individuals as my Line I with its collateral branch, and 
in which so many cases of osteosclerosis were found, would disclose any 
number of transitional forms, from isolated ordinary compact-islands 
to the fully developed picture of disseminated osteosclerosis. In my 
material, isolated compact-tissue islands, with the usual localisation 
to the bones of the hands or feet, or to various epiphyses, were found 
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n 3 members of the »Esbjerg» family; but no member of this family 
ad disseminated osteosclerosis. In the collateral branch of Line I (the 
Oerum» family), they were found in a father and his two children; but 
1 this family, too, there was no case of disseminated osteosclerosis. 
n those branches of the line, in which there were members with the 
tter anomaly, I did not succeed in finding a single case of isolated 
ympact-tissue islands in the bones of any of the normal members. This 
ay, of course, have been accidental; yet I think it permissible to take 
as a proof that no transitory forms exist which might justify the con- 
ption of compact-tissue islands and disseminated osteosclerosis as dif- 
rent developmental stages of the same anomaly. Besides, compact- 
ssue islands are so frequent a finding in normal subjects that the num- 
er of patients in my material in whom they were present hardly exceeds 
hat one might expect to find on roentgen examination of a like num- 
‘r of normal individuals. I must therefore still maintain that the two 
nomalies are separate and distinct, due to different causes. A further 
upport for this standpoint may perhaps be found in the circumstance 
hat none of these patients with compact-tissue islands in the bones 
resented any cutaneous changes. 

My investigations have shown that disseminated osteosclerosis is a 
amilial, hereditary anomaly, localised to the skeleton, and in some cases 
also to the skin. With regard to the anatomical basis for the condition 
in the bones it seems that a likely theory may be founded on the state- 
ment of LERICHE (cited by Haack), according to which ischemia of the 
bones causes scleroses in the ischemic area. As LEXER has shown, 
in his studies on the vascularisation of the bones, that during early life, 
at least, the arteries of the long tubular bones are end-arteries, it is pos- 
ible to imagine the anomaly as due to a hereditary malformation con- 
sisting in an abnormal constriction of those end-arteries, with resulting 
ischemia and scleroses. 

From the result of all the investigations so far, disseminated osteo- 
clerosis seems to be a true primary, benign osseous affection with gen- 
eralised systemic, symmetrical localisation. It is probably the result 
of embryonal malformation, occurs familially, is inherited dominantly, 
nd must be considered as a consitutional anomaly. It is characterised 
y the occurrence of sclerotic spots, scattered in the skeleton with typ- 
‘al localisation, and symmetrically distributed. As the changes are not 
nly of characteristic appearance, but also familial and hereditary, I 
ave termed the anomaly: familial disseminated osteosclerosis. 
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SUMMARY 


The author describes 15 cases of familial disseminated osteosclerosis (osteopoik 
losis), 14 of which were found in one family, distributed over three generations; whi 
the fifteenth was an isolated case. According to the investigations, the condition is iu 
herited dominantly; but the dominance is uncertain. The changes in the bones can | 
diagnosed roentgenologically from the second or third year of life. 

In 6 of the 14 patients of one family there were found, besides, cutaneous chang: 
similar to the ones described in the literature under the name of disseminated lenticul: 
dermatofibrosis. They were present in two generations, and it must be supposed th: 
their etiology is the same as that of the condition in the bones. In no case were the 
found except in connexion with the latter. 

It would appear from the investigations that the commonly occurring, isolat« 
»compact tissue islands» and disseminated osteosclerosis do not, as hitherto suppose: 
have any relation to each other. 

The anomaly in the bones does not give rise to any pathological condition in tl 
individual. The changes are not due to infectious disease; nor can the author agree wit 
the view that they should be due to endocrinous causes. His investigations confir 
the view of the condition as a benign familial, constitutional anomaly, localised to t! 
skeleton, and in some cases to the skin at the same time. On account of the very cha 
acteristic roentgenologic picture and the familial occurrence he designates it by tl 
term: familial disseminated osteosclerosis. 


ZUSAMMENFASSUNG 


Verf. beschreibt 15 Fille von familiar auftretender disseminierter Osteroskleros 
(Osteopoikilosis); 14 davon wurden in einer Familie, iiber drei Generationen verteil! 
gefunden, wahrend der fiinfzehnte ein einzelner Fall war. Die Untersuchungen ergaber 
dass das Leiden dominierend erblich ist: die Dominanz ist aber unsicher. Die Knoche: 
verinderungen kénnen vom zweiten oder dritten Lebensjahre an réntgenologisch diagno 
tiziert werden. 

Bei 6 von den 14 Patienten aus einer Familie wurden ausserdem Hautverinderung: 
gefunden, die den in der Literatur unter dem Namen Disseminierte Lentikuliire D¢ 
matofibrose beschriebenen fhnelten. Sie waren in zwei Generationen vorhanden, w 
es ist zu vermuten, dass sie dieselbe Atiologie haben wie das Knochenleiden. Sie wi 
den nie ohne Verbindung mit dem letzteren gefunden. 

Aus den Untersuchungen diirfte hervorgehen, dass die haufig vorkommenden is: 
lierten »Kompaktainseln» und Disseminierte Osteosklerose nicht, wie bisher vermut 
wurde, irgendwelche Beziehungen zueinander haben. 

Die Knochenanomalien rufen bei den damit behafteten Individuen keinen pat! 
logischen Zustand hervor. Die Veranderungen sind nicht auf eine infektidse Krankh: 
zuri-ckzufiihren: Verf. kann auch nicht der Ansicht zustimmen, dass sie von endokrin 
Ursachen herriihren. Die Untersuchungen des Verf. bestitigen die Auffassung des Z 
standes als einer benignen familiaérén konstitutionellen, im Skelett und in manclh 
Falien gleichzeitig auch in der Haut lokalisierten konstitutionellen Anomalie. Auf Gru 
des sehr charakteristischen Réntgenbildes und des familiiren Auftretens nennt Verfass 
dieses Leiden: Familiire Disseminierte Osteosklerose. 


712 K. B. 


FAMILIAL DISSEMINATED OSTEOSCLEROSIS 


RESUME 


L’auteur décrit 15 cas d’ostéosclérose disséminée familiale (ostéopoikilose), dont 14 
appartenaient 4 la méme famille, répartis sur trois générations; tandis que le quinziéme 
‘tait un cas isolé. D’aprés les investigations cet état s hérite d'une maniére dominante; 
nais la dominance est incertaine. Les altérations du squelette peuvent étre diagnosti- 
juées radiologiquement dés la seconde ou la troisiéme année d’age. 

Chez 6 des 14 malades d’une famille on rencontrait en outre des altérations de la 
eau similaires a celles décrites dans la littérature sous le nom de dermatofibrose lenti- 
‘ulaire disséminée. Elles apparurent dans deux générations, et l'on doit supposer que 
eur ¢tiologie est la méme que celle des altérations osseuses. Elles ne furent rencontrées 
ju’en connexion avec celles-ci. 

Il ressort des investigations que les »ilots de tissu compact», que l’on rencontre si 
souvent, et l’ostéosclérose disséminée n’ont aucun rapport entre eux, contrairement a ce 
jui avait été supposé jusqu ‘ici. 

L’anomalie osseuse ne produit aucunement un état morbide chez le sujet. Les altéra- 
ions ne sont pas dues & une maladie infectieuse; |’auteur ne peut pas non plus se joindre 
Pavis qu’elles sont dues des troubles endocriniens. Ses investigations confirment 
pinion que cet état est une anomalie constitutionnelle familiale bénigne localisée au sque- 
ette et dans quelques cas 4 la peau en méme temps. En se basant sur l'image radiologique 
si caractéristique et sur l’apparition familiale, il la désigne par les termes: ostéosclérose 
disséminée familiale. 
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FROM THE STATE SERUM INSTITUTE, COPENHAGEN (CHIEF: TH. MADSEN, M. D), AND 
THE RADIUM STATION (PHYSICIAN IN CHIEF: J. JUUL, M. D.) 


STUDIES ON IRRADIATION OF THE RETICULO- 
ENDOTHELIAL TISSUE WITH SMALL 
DOSES OF ROENTGEN-RAYS'! 
by 


Sv. A. Chrom 


From the earliest days of radiology numerous authors have been 
studying the possibility of producing a stimulating, inciting effect (Reiz- 
wirkung) on cells by irradiation with different qualities of rays given in 
small doses. 

Different specimens of cells — seeds of plants, eggs, infusoria, etc. — 
have been employed in experiments of this kind, where the work is carried 
out with systems of cells with great capacity for division, so that a possible 
stimulating effect might be read as an increase in the rate of growth. 
The literature has brought many, fairly concordant, reports about a 
stimulating effect being demonstrated in experiments with cellular sys- 
tems as mentioned above. Among such studies in this country, mention 
is to be made of ARNTZEN & Kress’ experiments with application of 
roentgen-rays to peas (Pisum sativum) in which the optimal growth- 
promoting effect was obtained with 1/42 SaBouREAuD-NoIRE. 

If, on the other hand, we wish to investigate the response of a definite 
physiological function to irradiation with small doses we meet with 
immensely greater difficulties in estimating the result, as it is essential 
to exclude that a possible increase in the physiological function under 
analysis might have appeared through inhibition of antagonistic forces 
normally present. It is not surprising, therefore, that the reports in 
the literature on such studies are conflicting greatly. 

In experimental cancer research attempts have long been made to 
increase the resistance against the takes of cancer by preceding universal 

1 Submitted for publication June 25, 1937. These studies are carried out with a 
grant of aid from Landsforeningen til Kreeftens Bekeempelse (The Danish National 
Association for Combatting of Cancer). 
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irradiation of the animals with small doses of roentgen-rays. The result: 
of these experiments have been conflicting, however. 

WAGNER (1933) has carried out some extensive investigations wit] 
universal irradiation of mice with doses of 5—7—14—28 and 55 r, an 
his results were not suggestive of any increase in the resistance of th 
animals to cancer. 

On the other hand, Cane (1933) has found an increase in the resistanc: 
of white mice to the growth of transplanted tumors after preceding 
universal irradiation of the animals. He obtained the maximal increas: 
of resistance with an interval of 1 month between irradiation and trans 
plantation. Microscopic examination of the organs of pre-irradiated 
mice showed diffuse hyperplasia of the stellate cells of KupFrer in th« 
liver and hyperplasia of the reticulo-endothelial cells in the spleen 
kidneys and lungs. Cate thinks he has observed a certain relation be 
tween the increase of resistance and the hyperplasia of the reticulo-endo- 
thelial tissue. 

KoGa (1933) has been able to demonstrate an increased capacity foi 
phagocytosis of pigment (2 °% carmine solution) by the reticulo-endo- 
thelial tissue in the liver in rabbits after local irradiation with doses of 
42 r and 120 r. This is taken as an expression of a stimulating effect of 
the roentgen-rays upon these cells. 

In a previous work, with employment of an established bacteriological 
technique, I have studied the effect of the roentgen-rays upon the reticulo- 
endothelial tissue in-the liver and spleen of mice, working in those experi- 
ments with roentgen-doses from 450 r to 800 r, given universally as well 
as locally. With these doses the result was merely a decrease in th: 
functional capacity. 

The present studies have been aimed at the possibility of stimulating 
the reticulo-endothelial tissue by irradiation, partly because this question 
is of considerable theoretical interest, partly because the problem con 
cerning a certain relation between the cancer resistance of an organism 
and the reaction power of its reticulo-endothelial tissue is under discussion 
at present. 

The experiments are carried out with the same bacterial strain as was 
employed in my previous experiments — namely, a Breslau strain (Br. 
205) which is injected intravenously in a dose of 1 million suspended in 
0.2 ¢. c. physiological salt solution. 

The irradiation is given with a stabilivolt apparatus, tension 16( 
K. Y., strength of current 4 milliampéres, filter 0.6 mm. Cu + 3 mm 
Al, and distance of 42 cm. 

Bacteriological autopsy is performed on the animals: From eac! 
animal, 20 loopfuls of heart’s blood is taken for inoculation of the cultur: 
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edium here employed. The figures recorded in the following tables 
ive the number of colonies cultivated from the heart’s blood. 

Previous experiments by Orskov (1928) have shown that the ability 
f the mouse organism to free the blood from bacteria of a definite viru- 
nee remains constant in this sense, that the number of hours from the 
me when the intravenous injection of the bacteria takes place till the 
lood is found to be sterile keeps constant. 

The aim of the present experiments has been to irradiate series of 
timals locally and universally with doses of roentgen-rays from 10r 
75 r and by subsequent bacteriological autopsy investigate whether 
ie blood becomes sterile at different points of time in irradiated and in 
m-irradiated animals, and, if so, find out whether the possible difference 
ay be interpreted as a real expression of a stimulating effect. 

In the first preliminary experiment (Table 1) a set of mice are irradi- 
ed locally, corresponding to the liver region, with a roentgen-ray dose 
20 r. Bacteriological autopsy is performed from 1 to 10 hours after the 
intravenous injection of bacteria. 


Table 1 
Bacteriological Autopsy after Local Irradiation of the Liver Region 


Number of colonies in cultures 


from heart’s blood 

Hours after intravenous injection : loo 
f bacteria 

Irradiated 


Controls 
animals 


293 365 


87 


This experiment shows that the blood becomes sterile at the same 
int of time in the two groups. 

The next experiments (Tables 2 and 3) are aimed to show whether 
change in the roentgen dose or in the interval between irradiation 
id the intravenous injection of bacteria produces any demonstrable 
ifference in the capacity for phagocytosis in the two groups of irradiated 
nd non-irradiated mice. 


Local Irradiation of the Liver with 20 


CHROM 


Table 2 


4 days between irradia- 
tion and bacterial inj. 


Hours after 

intravenous 

injection of 
bacteria 


Irradiated 
animals 


Number of colonies in 
cultures from heart’s blood 


Controls 


14 days between irradia- 
tion and bacterial inj. 


Number of colonies in 


Irradiated 
animals 


cultures from heart's blood 


Controls 


500 
500 
483 


500 
144 


182 


169 274 
23 263 
110 


Table 3 


Local Irradiation of the Liver with 50 r 


500 
500 
191 
170 
18 
11 
14 
24 
49 
46 


500 


117 


46 


5 days between irradia- 
tion and bacterial inj. 
Hours after 3 
intravenous 
injection of 
bacteria 


Number of colonies in 


Irradiated 


Controls 
animals 


21 days between irradia- 
tion and bacterial inj. 


Number of colonies in 


Irradiated 
animals 


cultures from heart’s blood cultures from heart’s blood 


Controls 


26 
500 
29 


500 


500 
207 
310 
137 


314 
201 

79 
151 


27 


20 


0 
8 
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Table 4 


Universal Irradiation with 50 r 


Number of colonies in cultures from heart’s blood 

Hours after 

intravenous 

injection of 
bacteria 


Interval between irradiation and 
bacterial injection Controls 


1 day 7 days 21 days 


500 500 
381 


500 
84 
191 
27 
43 
51 
17 


ov 


11 


Table 5 


Universal Irradiation with 10 r 


Number of colonies in cultures from heart's blood 

Hours after 

intravenous 

injection of 
bacteria 


Interval between irradiation and 
bacterial injection Controls 


1 day ays 21 days 


384 
500 
219 
87 
91 
36 
137 
45 
12 

2 


All the experiments with local irradiation of the liver region show a 
ioticeable reduction in the number of bacterial colonies cultivated from 
the heart’s blood about 3 or 4 hours after the intravenous injection of 
vacteria, and that this phenomenon appears at the same time in irradi- 
ited animals and in non-irradiated. Thus there is no evidence to suggest 
hat the roentgen doses here applied to the liver have been able to stimu- 

46—370088. Acta Radiologica. Vol. XVIII. 1937. 
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Table 6 


Universal Irradiation with 


Number of colonies in cultures from heart’s blood 

Hours after 

intravenous 

injection of 
bacteria 


Interval between irradiation and 
bacterial injection Controls 


1 day 7 days 21 days 


500 5 500 

500 111 
104 
14 
22 
31 
11 
16 
1 


late the reticulo-endothelial tissue of this organ to increased phagocytoti 
activity. 

A new series of experiments are carried out with the same techniqu 
as above but with universal irradiation of the animals. The finding 
are given in Tables 4, 5 and 6. 

So, like in the experiments with local irradiation of the liver region, 


it has been impracticable also by universal irradiation with roentge 
doses from 10 r to 75 r to demonstrate any shift in the time it takes for a 
organism to combat a condition of bacterizemia after intravenous injecti: 
of a bacterial culture of known virulence. With the technique here en 
ployed it has not been possible to demonstrate any stimulating effect « 
the reticulo-endothelial tissue by roentgen doses from 10 r to 75 r. 


SUMMARY 


With the technique here described neither local nor universal irradiation of t! 
reticulo-endothelial tissue with roentgen doses from 10 r to 75 r produce any stimulati! 
effect. 


ZUSAMMENFASSUNG 


Mit der hier beschriebenen Technik bringt weder lokale noch universale Bestrahlu: 
des retikulo-endothelialen Gewebes mit Réntgendosen von 10 r bis 75 r eine stimulieren: 
Wirkung hervor. 
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STUDIES ON IRRADIATION OF THE RETICILO-ENDOTHELIAL TISSUE 


RESUME 


Avec la technique décrite ici nilirradiation locale ni l’irradiation universelle du tissu 
réticulo-endothélial par des doses de roentgen de 10 r 4 75 rn’ont une action stimulante. 
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FROM THE ROENTGEN CLINIC OF THE STATE HOSPITAL, COPENHAGEN 
(CHIEF: PROF. P. FLEMMING MOLLER, M. D.) 


TWO CASES OF MEGADUODENUM' 
by 


Jens Nordentoft 


The term »megaduodenum» expresses merely an enlargement, an in- 
creased capacity, “of the duodenum, without reference to the causes of 
the condition. These may be extrinsic, — affections involving or causing 
compression of that portion of the digestive tube. The duodenum is in 

close relation to many widely different organs: the spine, the trunk- 
and mesenteric vessels, the liver, the gall bladder, the right kidney, the 
right suprarenal gland and the pancreas; it is crossed by the root of the 
mesentery and the transverse mesocolon. Disorders or abnormalities in 
any of these parts may affect the anatomy and physiology of the duo- 
denum. Abnormalities in the duodenum itself, congenital or acquired, 
ulcers, inflammations or tumors, may cause pathological dilatation of 
the organ. There probably exists also an idiopathic megaduodenum. 
which in some cases even seems to have an absolutely symptom-free 
course. Conditions which must be described rather as normal-physiolog- 
ical, such as a high duodenal-jejunal flexure, for instance, may result 
in dilatation of the duodenum. If ptotic conditions exist, the organs which 
normally should »float» may sink down, and by their pull cause a sharp 
angulation of the flexure. Still, as observed by CRAMER (1), who has made 
a thorough study of the question, it would be a mistake to think too 
exclusively of mechanical causes; perhaps an over-filling of the stomach 
or some dietetic wrong may become the determining factor which com- 
promises the passage through the duodenum. Also nervous impressions 
or hysterical conditions may be causative factors, making even psycho- 
therapy indicated. 

The most frequent and best known cause of megaduodenum is sten- 
osis of the organ, either congenital or developed later on a pathological 
basis. 

A paper read at the meeting of the Danish Radiological Society april 15th, 1936, 
Submitted for publication May 2nd, 1937. 
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Congenital duodenal Stenosis 


The condition must be considered as rare, and most of the children 
in whom it exists die immediately after birth. In a few cases it has been 
possible to save the life of the newborn child by operation. The first 
who succeeded in doing so was Ernst (2), who cured an infant 11 days 
old, with deep occlusion of the duodenum, by duodenojejunostomy. 
Ernst, who is everywhere cited as one of the »classics» in this field, esti- 
mates the frequency of congenital cases to be 1 for every 20,000 children 
on whom post mortem is performed; and the same is the opinion of later 
authors, though the statements vary somewhat. 

In 1922, Dant-IVERSEN (3) collected 24 cases from Denmark, 10 of 
which were due to extrinsic causes, 14 to malformations in the intestine 
itself. Some of the cases had been published before, by Monrap, HERTz 
and others. The earliest dated all the way back to HirscuspruNG’s 
thesis for the doctorate in 1861; the latest was one observed and de- 
scribed by DAut-IverRsEN himself, from the children’s dep’t of the State 
Hospital. This had also been roentgen-examined. In the last ten years 
or so reports of cases are fairly numerous. In several instances the authors 
describe as many as three cases from the same hospital. The condition 
may therefore not be quite as rare as formerly supposed; but, of course, 
the roentgen examination has had an essential part in facilitating the 
diagnosis. 

In congenital stenosis of the duodenum a distinction must be made 
between the cases in which there is atresia, with, strictly speaking, com- 
plete obliteration of the intestinal lumen, and those in which the condi- 
tion is merely one of stricture — stenosis, — as a rule with incomplete 
closure. It may be a question of a more or less complete membrane, or 
reduction of the lumen or the intestine itself to a narrow string; but in 
other cases there may be complete separation, the ends of the tube 
lying like two blind sacs, with no connexion between them. The extrinsic 
cause is most often congenital peritoneal cords, pressure from the root 
of the mesentery (arteriomesenteric compression) or volvulus due to 
abnormalities of the mesentery or meso-colon. 

Clinically, the condition manifests itself in the first place by vomit- 
ings and resulting loss of weight. The vomitings are most often intense, 
abundant and alimentary, reminding of pyloristenosis; but as a rule 
they occur late after meal, and often contain undigested remnants of 
food. Pips and stones of fruits are particularly notorious; children have 
been seen in the winter to eject cherry stones which they had swallowed 
during the foregoing summer. A curious, but important, symptom 
in newborn infants with atresia of the intestine is the absence of lanugo 
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hairs in the meconium, which has been demonstrated by microscopy. 
Bile in the vomit points to infrapapillary stenosis; acholic feces like- 
wise. The vomitings are often accompanied by attacks of pain. Accord- 
ing to ZIEGLER (4), constant vomitings and pain should point to an in- 
trinsic cause of the obliteration (»Binnenerkrankung»), while, if the cause 
is extrinsic, such as compression, the symptoms are more apt to be in- 
termittent, occurring only at shorter or longer intervals. A constantly 
menacing risk is that fruit stones may become firmly wedged in the 
stenosed intestine, resulting in a high ileus. 


Case I. — Girl, 2 years old. Admitted to the State Hospital (children’s dep’t) 
23rd January, 1936. Born by natural delivery. Weight at birth, fully 3.5 kg. Measles 
3 months before admission. Previously in other institution, under the diagnosis of dys- 
pepsia, owing to poor thriving and vomitings since birth. During the last couple of 
months before her admission to the State Hospital she has practically every day had 
copious, intense alimentary vomitings, usually occurring a long time after meal. Carrots 
would be ejected about five days after ingestion; she would vomit practically any food 
given her, even oatmeal soup. Of her stools there was nothing particular to remark, 
except that the feces mostly were of a light color. 

On admission she was thin, of slender build; turgor slightly reduced. Weight, 10.7 
kg. Psychically slightly backward; yet bright. Would not stand on her legs. Thoraz 
showed remnants of rosary, but there were no other signs of rachitis. Abdomen, nothing 
positively abnormal; still, the upper part perhaps a little more plump than the rest. 

During the early part of her stay in the S. H. she had some copious vomitings (for 
instance, she ejected barium 3 days after roentgen examination); but afterwards practic- 
ally none. Her feces were white or yellowish, and on chemical examination were found 
to contain neither urobilin, bile-pigment nor blood. 

On 2nd February -she was transferred to surgical dep’t D. The examination there 
showed nothing new. Except for some copious vomitings a couple of days in succession 
she had no vomitings at ali. She was given spoon-fed children’s diet, and ate well. 

She was roentgen-examined twice, with about 1 month’s interval. On both occa- 
sions the picture was about the same. Esophageal passage natural; the stomach perhaps 
rather large, but of normal shape. Anally from the pylorus very considerable dilatation 
of the duodenum, which was seen distended all the way down to the duodenojejunal flex 
ure, so that it was just as large as the stomach. On screening there was distinctly ob 
served a strong, but apparently ineffective stenotic peristalsis, with antiperistalti 
waves; only very little of the contrast substance was seen to pass out into the small intes 
tine. Twenty-four hours after ingestion most of it still remained in the duodenum; 
in the stomach there was now only a small remnant. 

On the second examination the stomach was almost empty two and a half hours 
after ingestion; the duodenum, on the other hand, was very full, and at its distal end the 
stenosis itself could now be seen, about the thickness af a thin pencil, its margin slightly 
blurred and irregular. Forty-eight and seventy-two hours after ingestion there was 
still some retention in the duodenum (Figs. I—II). 

23rd March. Operation (Prof. KiarGaarp): Retrocolic duodenojejunostomy. (The 
operation was postponed so long because the patient had been suffering from som: 
catarrhal trouble and intermittent attacks of dyspepsia, during which she looked extra- 
ordinarily exhausted and poorly). — Operative findings: The stomach appears, gas 
filled; the distended pylorus, rather a little toward the left, continuing over into an enor 
mous duodenum with thick, grey, hypertrophic wall. The circumference of the duo- 
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ig. I. 29/2 36. 21/, hour after ingestion: 
msiderable dilatation of the duodenum. 
The arrows indicate the stenosis. 


Fig. I]. 29/1 36. 48 hours after ingestion: 

slight retention in the stomach, consider- 

able retention in the duodenum. The 

greatest part of the contrast substance 
is seen in the colon. 


‘num is almost the same as that of the stomach. It extends deeply into the right side 
the abdomen before it turns aside and is hidden by the transverse colon. Below the 
tter are coils of small intestine of normal dimensions. Though the patient has had 
» food since the day before, the chyliferous vessels are full almost to bursting, so that 
1e intestines present a mottled whitish design. The upper coil of the small intestine 
of normal dimensions, but at the duodenojejunal flexure the root of the mesentery 
rms a fold, as the result of which there is a large cavity in the peritoneum, open to- 
urd the left and with its fundus pointing toward the right. The passage from the duo- 


enum into the small intestine must be at 
ie bottom of this, but the place cannot 

seen, and palpation reveals nothing 
bnormal. The pocket just described, 
nd the formation of the cord at the 
ot of the mesentery may be secondary 
‘velopments due to the dilatation of 
1e duodenum and the resulting displace- 
ent toward the left. The pathogenetic 
mditions can thus not be determined 
ith certainty. The inferior portion of 
he distended duodenum is easily seen 
‘rough the mesocolon. An opening is 
ade through the latter at a point where 
here are no vessels, and a portion of the 
uodenum sufficiently large to be gripped 
ith a soft forceps is loosened, where- 
pon a coil of the jejunum about 30 cm. 
om the duodenojejunal junction is 
elected. The coil is chosen so long in 
rder to make it possible to turn it so 


t.* 


Fig. III. 30/4 36. Fully a month after the 
operation. 1 hour after ingestion: duodenum 
still dilated, but the small intestine is well 


filled. 
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that an isoperistaltic anastomosis may be effected. This is done. An ample con 
munication, the width of a thumb, is established, with suture in three layers: 1 silk 
2 catgut. The duodenum is fixed in the slit in the mesocolon. 

The subsequent course was uncomplicated. The patient had no vomitings, he 
weight increased, and when she was discharged on May 2nd she weighed 13.5 kg. 

Roentgen examination 15 days ajter the operation showed hardly any change; ther 
was no passage of contrast substance into the small intestine until 45 minutes after ir 
gestion. — Fully a month after the operation the duodenum was still dilated, and th 
peristalsis strong; but the jejunum was now well fillec 1 hour after meal, and 24 how 
after ingestion there remained only some floccular coatings on the mucosa of the du 


denum. (Fig. III). 


This was undoubtedly a case of true duodenal stenosis due to con 
genital organic maldevelopment. Though the operation failed to revea 
any stricture, both the anamnesis and the clinical picture point tha 
way, and the roentgen examination showed a canalicular constrictio: 
at the junction of the duodenum and the jejunum. 


Megaduodenum of uncertain Origin 


While formerly it was taken more or less for granted that where « 
megaduodenum was found there must also be stenosis of some kin 
or other, even though none could be demonstrated, the authors wh: 
have written on the subject during the last decades have come to a dil 
ferent opinion. Thus, the question whether congenital malformatio: 
should always be counted with in these cases, or whether neurogeneti: 
causes may possibly play a part, has been the subject of valuable stud 
ies by Metcuior (5) and Kostiivy (6); and the same question wa 
recently discussed in a paper in the Acta Chirurgica, by PETREN (7 

Before entering upon a discussion of the etiologic and neurogeneti 
factors, we give here the history of a case of megaduodenum in whic 
no positive cause for the existence of the condition could be demon 
strated. 


Case II. — Farmer, 25 years old. Admitted to the State Hospital (dep’t C) 18t 
March, 1936, under the diagnosis of diverticulum duodeni. 

Thinks that as a child he had icterus. Has suffered since childhood from perio 
ical pressing pains in the epigastrium. Never vomitings, ructus or requrgitations. T! 
pain has no relation to the meals; nor does eating releave them. In the free interva 
he has been entirely free of symptoms. — In 1928 he underwent an appendectomy 
freid, but it did not help against the attacks. In 1935 he was treated for his stoma 
trouble in a hospital in Canada. 

He describes the pain as burning or pressing, radiating from the umbilical regi« 
to the sides and back; often it will seem to be all over the body. It may come on as tl 
result of some sudden movement, and is frequently accompanied by a strong feeling « 
tension in the abdomen. Its cessation will often be preceded by some rumbling an 
grinding. While the attacks formerly came in periods of about a week, with free inte 
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Fig. IV. Case Il. 21/3 36. Strongly ‘ig. V. Case II. 21/3 36. Upright posi- 
dilated duodenum. No contrast substance tion. Similar to Fig. IV. 
elsewhere in the small intestine. 


vals of several months between, they have in the last two years been coming on almost 
daily, so that he has been unable to work. His bowels usually move every day; the 
evacuation is spontaneous and the stools natural. Last January he had been in hos- 
pital again, and he thinks the roentgen examination there had shown that he had »two 
stomachs». He was advised to seek admission to the State Hospital. 


Objective examination here showed absolutely nothing abnormal, specially not as 
regards the abdomen, except a solid cicatrix after an appendectomy. No urobilin or 
bile pigment in the urine: no diastase content. No blood in the feces. Ewatp, 157 + 69 
ec. ¢.; Conco, 50; phenolphthalein, 64. Bourcer, large 8 hours’ retention. 

Roentgen examination twice, with an interval of about two weeks between, showed 
about the same picture. The esophageal passage natural. Stomach natural; distinct 
bulbus. The strongly dilated duodenum showed at the beginning of the examination an 
intermediary layer about 8 cm. high, but after the filling it was seen as a sac of about 
the same size as the stomach. No stenosis could be detected. The examination con- 
cluded in a diagnosis of megaduodenum, probably congenital, developed on the basis of 
a stricture in the intestine. There was still a small remnant in the duodenum 24 and 
18 hours after ingestion (Figs. IV—V). — The second roentgen examination showed 
a precisely similar picture, except that this time the duodenal sac was smaller; from 
which it was supposed that the stenosis was perhaps situated somewhat higher up in 
the duodenum. Strong stenotic peristalsis and antiperistalsis of some minutes’ duration 
were observed at comparatively long intervals. 

Operation, 7th April, 1936, (Prof. LENDoR®): Duodenojejunostomy; enteroanasto- 
mosis ad modum Braun. Strongly distended duodenum, separated from the stomach 
by a distinct pylorus. Considerable adhesive peritonitis in all the surroundings of the 
sac: between the omentum and the anterior wall of the abdomen, between the duode- 
num and the gall bladder, beside a close layer of velamentous adhesions all over the sac. 
Close to the flexure a long, rather tense Treitz’ ligament, which was severed, but which 
did not explain the obstruction of the passage. The mesenteric vessels formed a rather 
tight cord, which cause a slight impression on the junction, but by no means such as 
might account for the ilatation. There was also a rather broad cord-shaped adhesion 
from a point of the omentum corresponding to the inferior surface of the transverse 
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colon down to the parietal peritoneum 
in the right iliac fossa; this was severed. 
Nothing could be demonstrated which 
would reasonably explain the origin oj 
the affection. The small intestine was 
everywhere smooth and natural. 

The mucosal lining of the sac was 
rather thick, about like «a normal 
stomach wall. Microscopy of a small 
excised portion showed normal duodenal 
wall. 

The subsequent course was une- 
ventful. The patient was out of bed a 
month after the operation, and was 

‘ . discharged, feeling well, on May 15th. 
He tolerated lenient diet. — A roentgen 

Fig. VI: Case II. 2/5 36. Barely a month examination barely a month after the 
after the operation. 15 min. after ingestion: operation showed that the condition 
moderate amount of contrast substance in 8 regards passage was now much better; 
stomach and duodenum. High intermediary ®" hour and a quarter after meal the 
layer in both. The small intestine is well filled. Stomach was empty, and 3 hours after 
E meal there was no contrast substance, 

but only some fluid left in the duo- 

denum. By that time the small intestine was empty; the contrast substance lay in 


the colon (Fig. VI). 


In this case the patient was thus a young man who as long as he 


could remember had been suffering from unaccountable abdominal at- 
tacks, but never with vomitings. The roentgen examination revealed 
a very considerable enlargement of the duodenum, but neither the rays 
nor an operation showed the cause of the affection. Stenosis could not 
be demonstrated, and the numerous adhesions between the duodenum 
and its surroundings might be secondary changes. Arteriomesenterial 
compression of the intestine, which might perhaps suggest itself as the 
readiest explanation, is a rare affection. It has undoubtedly been the 
diagnosis far too often in cases where the examinant was confronted 
with a megaduodenum which could not be otherwise accounted for. At 
the same time, KostLivy (6) is undoubtedly wrong in relegating it to 
history. Indubitable cases have been reported from Scandinavia by 
HELLSTROM (8 ), Bacer (8) and Lipstr6m (9) in 1933, and the patholog- 
ical picture was thoroughly described, in 1924, by DuvaL, Roux and 
BECLERE, among others, What occurs in this affection is a compression 
of the intestine, at the point of the duodenojejunal junction, between 
the spine and the aorta on the one side, and the superior mesenteric 
artery, which passes through the root of the mesentery, on the other. 
Certain conditions must be present, such as an altered balance of pres- 
sure in the abdomen, pronounced lordosis, decrease in the fat content 
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f the mesentery, slackening of the abdominal wall (multipare), or an 
sthenic build. The erect walk is said to predispose to the disorder; 
ODMAN shows in an illustration a woman, »station bipéde», and a pig, 
station quadrupéde», side by side! It is supposed that a special congen- 
al disposition must be present: a strong pull on the small intestine 
wing to a short mesentery. Or a too long transverse may have the same 
ffect: the closing of »le compas artériel», — the two legs of the compasses 
eing pressed together! The slack abdominal wall has a similar effect; 
lso a descended right kidney may become a causative factor. 

The strong, and at least partly justified criticism which has been 
‘velled against the diagnosis of arteriomesenterial compression has led 
» a search for other explanations. Already Downes (11), who in 1911 
emonstrated a case of »giant duodenum» in a child, speaks of the possi- 
ility of a congenital malformation similar to HirscHSPRUNG’s mega- 
olon, because in many cases no satisfactory explanation can be found. 
n 1924, MeLcuior (5) introduces the idea of an ¢dropathic megaduode- 
um, and discusses the question at length. He points out that the dila- 
ition not infrequently extends so as to include the nearest portion of 
he jejunum; which seems to exclude the possibility of arteriomesenteric 
ompression as the cause. Also HABERER (12) observed similar cases 
£ megaduodenum, of which he supposed that they were congenital. 
le observed them specially after resections of the stomach ad modum 
sillroth I. Kostiivy (6), however, has dealt with the same subject in 
iis work on »The chronic, relative, infrapapillary Stenosis of the D-o- 
lenum», and comes to the conclusion that the condition must in many 
‘ases be due to functional or neuro-muscular disturbances. He briefly 
lescribes his own observations of 19 cases, in 6 of which he failed to find 
ny positive causative factor. He thinks that the similarity of the con- 
lition to the dilated, ptotic stomach (which is also to a large extent of 
purely functional nature) lends support to his view; and he believes 
that the circumstance that it is relatively often seen after resections 
f the stomach, and is not infrequently found in neurotic patients, points 
n the same direction. 

The present case is difficult to explain, as the findings were not char- 
wcteristic of any particular disease. There is reason, however, to call 
ittention to the pathological picture described by Duvat, Roux and 
BECLERE (10) under the name of périduodénite essentielle sténosante, in 
vhich one of the features is precisely the existence of numerous adhe- 
sions about the duodenum, without any positively demonstrable cause. 
[t is true that in our case the lumen of the intestine was not constricted; 
yut, as we saw, the whole duodenal sac was embedded in a close net- 
vork of adhesions. All transitions may probably be found, from very 
slight enlargement to extreme dilatation; though also in the latter case 
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there may be a surprising absence of symptoms. According to KostLiv 
the course of development is from hypertonic hypercinesia of the du 
denum through slighter and more pronounced degrees of atony to rel 
tive and absolute stasis of contents in spite of »freie Abflusswege 

Also CRAMER (1) has in his interesting paper dealt with these pro! 
lems. He cites BERNSTEIN’s (13) studies on atony of the duodenu 
and would explain those cases on the basis of BAyLiss and STARLING 
theory that irritation or contraction of one part causes relaxation of t] 
part aborally from it. He believes that this may be the explanation 
not a few cases. 


The roentgenological Diagnosis 


The roentgenological picture of duodenal stenosis was described fi 
the first time in 1910, by Hotzknecurt (14). The diagnosis rests in th 
first place on the solid filling of the duodenum, which often becomes : 
large as the colon, but may also become considerably larger than th 
stomach, so that the latter is pushed somewhat over toward the lef 
The shape of the duodenum will depend upon the situation of the sten 
sis, the degree in which the motility is disturbed, and the quantity o! 
contrast substance ingested, which acts as a vis a tergo. Strong, constan 
stenotic peristalsis has very little effect, as there is very little, if an) 
outflow into the small intestine. The peristaltic wave lasts a second o1 
more, with intervals of about 7 seconds between each. The contents « 
the duodenum above the stenosis do not change place, but only forn 
The dilatation of the porticn above the stenosis may extend so as to i 
clude a portion of the stomach, specially if the stenosis is situated hig 
up; but need not necessarily do so. There may be pyloric incontinence: 
As to residue in the duodenum, retention for longer than twenty-fou 
hours is regarded by HoizkKNeEcurt as severe disturbance of the moti 
ity. To these symptoms, Boscu and Scurnz (1920) (15) add antipe: 
stalsis, and also call attention to the so-called pseudo-antiperistalsis: 
the passive backward flow of the contrast substance after the cessatio 
of a peristaltic wave. ZIEGLER (4) found, in one of the cases which 
describes, that the dilatation of the duodenum was not constant. Th 
patient was a child 7 months old. During an attack the duodenum w: 
seen strongly dilated; but on examination during a quiet interval tl 
roentgenological picture was entirely normal. Similar observatio: 
have been made by other investigators (cf. PETREN (7)). KosTLiy 
calls attention to »the characteristic picture of the tripartite paradox 
remnant»: deposits of contrast substance in the sinus ventriculi, the bu 
bus duodeni and the bottom of the dilated duodenum. PrrrEn foun 
that feature in his case also. ZreGLER (4) and WEBER (16), each of whon 
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us reported 3 roentgen-examined cases of duodenal stenosis in child- 
n, doubt the constant presence of the stenotic peristalsis, because they 
lieve that strong stenosis in a small child must in all probability result 
| the duodenal wall losing its elasticity, so that the peristalsis ceases. 


In many respects the etiology and pathogenesis of megaduodenum 

e still obscure. It is therefore very important that all such cases should 

» searched out and thoroughly studied. We believe it to be specially 
aportant that material should be collected which might help to throw 
ght on the phenomena of motility, to which it seems that too little 
tention is given by many of the authors. Study of the stenotic peri- 
alsis and the time r required for evacuation would probably contribute 
‘iaterially to our understanding of the causative factors underlying 
tae condition, because these undoubtedly vary from one case to another. 
1 the first of our two cases, in which the stenosis could be demonstra- 

, there was thus very marked stenotic peristalsis, and distinct reten- 
on as late as after 72 hours; while in the other, where the cause of the 
mdition was uncertain, the disturbance to the motility was not nearly 
s pronounced. Finally, it is important that it should be tried to de- 
ionstrate the stenosis itself in the roentgenological picture, because 
xperience shows that it is often difficult, or even impossible, to discover 
the cause of the affection by the operation; and also the condition of the 
tomach should be paid attention to, specially with a view to the pos- 


ible detection of any organic disorder there, which might possibly affect 
the nerve supply of the duodenum. 


SUMMARY 


The author reports the history and roentgenexamination of two cases of megaduo- 
denum. In the first, the patient was a girl, 2 years old, in whom the duodenum was 
uund very much enlarged, with strong stenotic peristalsis. The roentgen examination 
howed stenosis at the junction of the duodenum and the jejunum, but the duodeno- 
‘junostomy which was later performed gave no certain clue to the origin of the condition. 
n the second case, the patient was a young man, in whom the roentgenexamination 
howed very strong dilatation of the duodenum. In this case neither the roentgenexam- 
nation nor a subsequent duodenojejunostomy gave any positive clue to the cause 
f the affection. 
The author briefly describes the pathological picture of duodenal stenosis and, after 
ference to the etiology and pathogenesis of megaduodenum of uncertain origin, dis- 
usses the roentgenological diagnosis and its importance in these cases. 


ZUSAMMENFASSUNG 


Verf. berichtet iiber die Krankengeschichte und Réntgenuntersuchung zweier Fille 
ron Megaduodenum. Der erste Fall betraf ein 2jihriges Madchen, bei dem eine hoch- 
radige Vergrésserung des Duodenums und Stenose-Peristaltik vorgefunden wurde. 


733 JENS NORDENTOFT 


Die Réntgenuntersuchung zeigte Stenose am Ubergang vom Duodenum zum Jejunu: 
aber die spiiter ausgefiihrte Duodenojejunostomie gab keine sichere Erklirung fiir « 
Entstehung des Zustandes. Im zweiten, bei einem jungen Mann beobachteten F 
zeigte die Réntgenuntersuchung sehr starke Dilatation des Duodenums. In diesem F 
gaben weder die Réntgenuntersuchung noch eine darauffolgende Duodenojejunoston 
einen positiven Anhaltspunkt fiir die Ursache des Leidens. 

Verf. beschreibt kurz das pathologische Bild der Duodenumstenose und erért: 
nach Erwihnung von Atiologie und Pathogenese von Megaduodenum ungewissen | 
sprungs die Réntgendiagnose und ihre Wichtigkeit in diesen Fiillen. 


RESUME 


L’auteur relate le développement et l’examen radiologique de deux cas de mégadu 
dénum. Dans le premier cas, chez une fillette de 2 ans, le duodénum était trés gros 
présentait un fort péristaltisme. L’image radiologique montra un rétrécissement de 
jonction du duodénum et du jéjunum; mais la doudénojéjunostomie pratiquée ultérieu 
ment ne donna aucun indice certain sur l’origine de cet état. Dans le second cas, chez 
jeune homme, |’examen radiologique montra une trés grande dilatation du duodénu 
Dans ce cas ni l’examen radiologique ni la duodénojéjunostomie subséquente ne dont 
rent d’indices sur la cause de cette affection. 

L’auteur décrit briévement l’image pathologique du rétrécissement du duodénum, « 
aprés avoir parlé de l’étiologie et de la pathogénése du mégaduodénum de source inc: 
taine, il discute le diagnostic radiologique et son importance dans ces deux cas. 
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{US DEM RONTGENINSTITUT DES SOPHIAHEMMETS, STOCKIIOLM. CHEF: PROF. G. FORSSELL 


“BER DIE BEDINGUNGEN DES HERVORTRETENS DER 
WIRKLICHEN GELENKSPALTE AUF 
DEM RONTGENBILDE' 


W. Magnusson 


Im Jahre 1932 machte Dirrmar die Mitteilung, dass er bei Aufnahme 
von Kniegelenken in einzelnen Fallen die Gelenkspalte und den medi- 
len Meniskus auf dem Réntgenbilde habe beobachten kénnen, ohne 
Kontrastmittel anzuwenden. Bei Kindern war das Phinomen in Fillen 
ohne pathologische Veranderungen wahrzunehmen, bei Erwachsenen nur 
bei krankhaft verinderten Kniegelenken. In allen Fallen hatte die Ge- 
lenkspalte sich als eine bedeutende Verdiinnung oder Schwirzung in 
Form eines Streifens und scharf gegen die Umgebung abgegrenzt ge- 
zeigt. Auf Frontalbildern sah man, wie sie sich medial in zwei Streifen 
teilte, die zwischen einander ein keilférmiges Gebiet einschlossen, das 
offenbar durch den medialen Meniskus bedingt war. Dieser war in den- 
jenigen Fallen sichtbar geworden, wo man bei der Exponierung eine 
Kraft einwirken liess, die eine leichte passive Lageverinderung im Sinne 
einer Valgusstellung im Kniegelenk bewirkte. Nur bei einem pathologi- 
schen seitlichen Wackeln und bei der eben erwihnten passiven Lage- 
verinderung im Kniegelenk war das Phinomen bei Erwachsenen aufge- 
treten. Dirrmar gibt keine Erklarung fiir das Auftreten der Spalte, 
sondern begniigt sich damit zu konstatieren, dass man in einzelnen Fal- 
len und bei Anwendung der genannten Technik den Meniskus auf dem 
Xéntgenbilde ohne Anwendung von Kontrastmittel sichtbar machen 
kann. 

Im Jahre 1933 teilte GrasHEY einige Fille mit sichtbarer Gelenk- 
spalte in Schultergelenken mit. Er gab an, das Phinomen auch auf 
Radiogrammen eines Handgelenks beobachtet zu haben. Kurz danach 
publizierte v. PANNEWITz einige Fille mit gleichartigen Befunden. In 
allen seinen Fallen hatte Arthritis deformans vorgelegen, weshalb er 


1 Bei der Red. am 22.V.1937 eingegangen. 
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der Ansicht war, dass bei diesem Leiden eine ev. vorliegende Verstir 
kung der Dichtigkeit des Knorpels die Grundlage fiir die auf den Rént 
genbildern sichtbaren Verinderungen bilde. Nachdem er indes von de: 
oben mitgeteilten Beobachtungen GRASHEYs Kenntnis bekommen hatte 
von welchen einige Kindergelenke ohne deformierende Veriainderunge: 
betrafen, gab er zu, dass seine urspriingliche Erklirung nicht haltba 
sel. 

Die erwihnten Publikationen und eigene Beobachtungen veranlasste1 
Hipre und HAHLE (1936), iiber 3,000 Gelenkradiogramme der gréssere1 
Extremitiitsgelenke nachzupriifen. Sie geben an, die wirkliche Gelenk 
spalte in 27 von 713 untersuchten Kniegelenken (3.8 %) und in 3 vor 
343 untersuchten Schultergelenken (0.8 °%) beobachtet zu haben. I 
Hiift-, Fuss-, Ellbogen- und Handgelenken hatten sie dieses Phanome: 
kein einziges Mal wahrgenommen. In der Mehrzahl der Fille, wo dies: 
Beobachtung gemacht wurde, hatten Zeichen von Arthritis deformans 
vorgelegen. Sie sind der Ansicht, dass Voraussetzungen fiir die Ent- 
stehung der Spalte in Fallen bestehen, wo eine herabgesetzte Adhiasion 
zwischen den Knorpelflichen vorliegt, und wo diese sich deshalb von- 
einander entfernen kénnen. Wie ihnen scheint, ist dem Phinomen kaum 
pathologische Bedeutung zuzuschreiben. 

Schliesslich teilten WipMANN und STECHER (1936) mit, dass sie dix 
erwihnte Spalte in mehreren Fillen beobachtet haitten. Einen voi 
diesen hatten sie auf einer radiologischen Konferenz gezeigt, wobei dir 
Frage zur Erérterung kam, ob ein Vorkommen von Gas im Gelenk még 
lich sei, da keiner von den Anwesenden je ein aihnliches Bild ohne vor 
ausgegangene Gasinjektion gesehen hatte. Genaueres iiber Ausserunge! 
betreffs dieser Frage sind jedoch nicht mitgeteilt. 

Ausser dem was in den oben referierten Beitriigen publiziert wurd 
scheint iiber die Frage des Sichtbarwerdens der wirklichen Gelenkspalt: 
auf dem Réntgenbilde in der réntgenologischen Literatur nichts er 
schienen zu sein. 


Wenn man kleine Kinder réntgenphotographiert, die mit kranial 
wiirts neben dem Kopf ausgestreckten Armen in Riickenlage gebrachit 
wurden, findet man oft die hier besprochene Spalte in den Schulterge 
lenken sichtbar (Fig. 1). Werden die Arme etwas nach vorn gerichte‘ 
gehalten, so dass keine Beugung nach hinten erfolgt, so tritt die Spalt: 
nicht hervor (Fig. 2). Wenn die Arme unmittelbar danach méglichs' 
weit nach hinten gestreckt werden, jedoch ohne grébere Gewalt anzu 
wenden und ohne dass Schmerzen auftreten, so wird die Spalte sofor' 
sichtbar, und zwar gewohnlich auf beiden Seiten (Fig. 3). Wird di 
Streckung nach hinten auf der einen Seite beibehalten (H, Fig. 4), wih 
rend der andere Arm etwas nach vorn oder aussen gefiihrt wird, so findet 


man bei sofort danach vorgenommener Exposition, dass auf derjenigen 
Seite, auf welcher der Arm nach hinten gehalten wird, die Spalte immer 
noch sichtbar, auf der anderen Seite aber verschwunden ist. Das Auf- 
treten und ebenso das Verschwinden der Spalte vollzieht sich bei diesen 
Versuchen in der kurzen Zeit, die zum Wechseln der Kassetten ndtig 
ist. Aus diesen Versuchen geht hervor, dass die Spalte sichtbar wird, 
wenn der Arm gegen das Akromion als Hypomochlion nach hinten ge- 
beugt wird, und dass sie verschwindet, sobald die Beugung aufhért. Bei 
Versuchen an Metakarpophalangealgelenken findet man, besonders deut- 
lich bei Kindern, dass durch kraftiges Ziehen in der Langsrichtung der 
Finger hier eine ahnliche Spalte hervorgerufen werden kann (Fig. 5). 
Auch hier verschwindet die Spalte, sobald die Zugwirkung aufhért. Bei 
Versuchen an Leichenfingern, wo man ja mit bedeutend grésserer Kraft 


47— 270088. Acta Radiologica. Vol. XVIII. 1937. 
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Fig. 6 a. Fig. 


ziehen kann, zeigt sich die ganze erweiterte Gelenkhéhle als ein Raun 
mit bedeutend germgerer Absorption als die Weichteile (Fig. 6, a nach, 
b vor dem Ziehen). 

Die oben angegebenen Versuche scheinen zu zeigen, dass die Spalt: 
bei Abheben oder Ziehen an den Gelenken sichtbar wird, also bei Mass 
nahmen, durch die ein Unterdruck im Gelenk hervorgerufen wird. Das 
Aussehen der Spalte stimmt gut mit den Bildern iiberein, die man be 
Arthrographie mit Gas erhalt. Es ist deshalb naheliegend, ihr Zustande 
kommen darauf zuriickzufiihren, dass bei solchen Massnahmen Gas- 
bildung in den Gelenken entsteht. Vom physikalischen Gesichtspunkt: 
kann man das Gelenk als einen geschlossenen mit Fliissigkeit gefiillten 
taum betrachten. Wir wissen aus der Physik, dass die Temperatur. 
bei welcher in einer Fliissigkeit Dampfbildung eintritt, von dem Druck 
abhingt. Wird der Druck auf ca. */,. von 1 Atmosphire hinuntergebracht 
so tritt bei 37° Celsius (K6rpertemperatur) Dampfbildung in der Fliissig 
keit ein. Kann man also durch Abheben oder Ziehen den Druck in einen 
Gelenk auf */,.. Atm. hinunterbringen, so ist zu erwarten, dass sich Was- 
serdampf im Gelenk entwickelt. Hierfiir bedarf es einer Kraft, die so- 
wohl den fusseren Luftdruck (von dem der Dampfdruck der Fliissig- 
keit bei Kérpertemperatur in Abzug kommt) als auch die Elastizitat det 
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Fig. 


Weichteile iiberwinden muss. Zur Uberwindung des dusseren Luft- 
lruckes bedarf es einer Kraft von ca. 1 kg per cm* Gelenkfliche. An 
kleine Gelenke kann eine solche Kraft offenbar ohne gréssere Schwierig- 
keit appliziert werden. Die Nachgiebigkeit der Weichteile ist nach R. 
Fick am gréssten in Kugelgelenken, am geringsten in Scharniergelenken, 
ind ferner ist sie allem Anschein nach bei Kindern grésser als bei Er- 
wachsenen. Die oben angefiihrten Versuche zeigen, dass man bei Ab- 
eben resp. Ziehen an Schulter- und Metakarpophalangealgelenken bei 
Kindern die Gelenkflichen voneinander entfernen, und also die Elasti- 
zitit der Weichteile mit relativ geringer Kraft und ohne Schmerzen iiber- 
winden kann. In anderen Gelenken bei Kindern und Erwachsenen (viel- 
leicht mit Ausnahme der Metakarpophalangealgelenke) konnte eine 
hierfiir ausreichende Kraft nicht ohne Schmerzen ausgeiibt werden. 
Bei ausgebreiteten Kapselschaden (wie in Ditrmars Fall) diirfte man 
uch bei Erwachsenen und in grossen Gelenken durch Ziehen oder Ab- 
heben die Gelenkflichen voneinander entfernen kénnen. Es ist also 
wugenfallig, dass die mechanischen Bedingungen fiir das Zustandebrin- 
zen eines negativen Druckes in Gelenken gerade in denjenigen. besteht, 
wo die Gelenkspalte bei Ziehen oder Abheben auf dem Réntgenbilde 
sichtbar gemacht werden konnte. In der Gelenkfliissigkeit kommen, 
‘-benso wie in anderen Ko6rperfliissigkeiten, Gase gelést oder absorbiert 
vor. Es ist anzunehmen, dass auch diese Gase bei stark negativem Druck 
im Gelenk freigemacht werden. Zur quantitativen Bestimmung der 
Blutgase bedienten sich Lupwic und PrLtGerR des Vakuums. Sie schlos- 
sen das Blut in ein Gefiss ein, das durch eine mit einem Hahn versehene 
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Leitung an ein anderes Gefiiss ange- 
schlossen wurde, in dem ein Vakuum 
erzeugt wurde. Die Blutgase gingen 
dann in das letztere Gefiiss iiber. 
von welchem Proben zur Analyse 
und quantitativen Bestimmung ent- 
nommen wurden. Ks ist klar, dass 
auch die in der Gelenkfliissigkeit 
gelésten Gase bei starkem Unter- 
druck in einem Gelenk freigemacht 
werden. Da die chemische Zusam- 
mensetzung- der bei Unterdruck in 
den Gelenken auftretenden Gase 
kein réntgenologisches Interesse hat, 
und Analysen zur Bestimmung die- 
ser Zusammensetzung allem An- 
schein nach auf bedutende Schwie- 
rigkeiten stossen diirften, wurden 
keine Versuche in dieser Richtung 
ausgefiihrt. 

Von den Réntgenologen, die sich 
mit der Frage des Auftretens der 
wirklichen Gelenkspalte auf dem 

Réntgenbilde beschaftigten, hat keiner die Méglichkeit diskutiert, dass 
ein negativer Druck im Gelenk und dadurch bedingte Gasentwicklung 
das eigentiimliche Bild verursachen kénne. Ihr Ubersehen des Um- 
standes, dass Anatomen diese Frage schon vor langem ziemlich eingehend 
studiert hatten, ist deshalb leicht erklarlich. Im »Handbuch der 
Anatomie und Mechanik der Gelenke» des bekannten Gelenkforschers 
Rupo.tr Fick findet man Aufschliisse von grossem Wert fiir die Beur- 
teilung dieser Frage. So haben die Gebriider Weber schon in der ersten 
Halfte des 19. Jahrhunderts auf die Bedeutung des Luftdruckes als 
zusammenhaltende Kraft in den Gelenken hingewiesen. Nach derselben 
Quelle konnte A. Fick bei Versuchen mit Ziehen an anatomischen 
Gelenkpriiparaten zeigen, dass dabei ein »luftleerery Raum im Gelenk 
entstand. Um dies noch weiter sicherzustellen, veranlasste R. Fick 
seine Mitarbeiter A. Fick und A. GURBER, diese Versuche unter Kon- 
trolle durch Réntgendurchleuchtung zu wiederholen, was an Réntgens 
Institut in Wiirzburg geschah. Die genannten Forscher konnten dabei 
auf dem Durchleuchtungsschirm beobachten, dass der Zwischenraum 
zwischen den Knochenenden auffallend hell wurde. R. Fick hebt 
hervor, dass sich bei derartigem Ziehen an den Gelenken Wasserdampf 
entwickeln muss. Die Erklirung, die oben fiir das Sichtbarwerden der 
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wirklichen Gelenkspalte auf dem Réntgenbilde vorgebracht worden ist, 
hatten also schon R. Fick und seine Mitarbeiter gegeben, und fiir die 
{éntgenologen ist es von gressem Interesse zu erfahren, dass diese Er- 
fahrungen durch Versuche an Réntgens Institut in Wiirzburg bestiatigt 
wurden. 

Es eriibrigt noch zu erértern, ob das Hervortreten der wirklichen 
telenkspalte auf dem Réntgenbilde praktische Bedeutung fiir die Rént- 
vendiagnostik hat. 

Oben wurde gezeigt, dass man in Schulter- und Metakrapophalan- 
zealgelenken bei Kindern durch Abheben oder Ziehen die Spalte sicht- 
oar machen kann. Versuche, mit ahnlicher Methodik ein Bild der Ge- 
ienkspalte in anderen Gelenken bei Kindern und in Gelenken Erwachse- 
ver zu erhalten, fielen negativ aus. Méglich ist, dass man bei Anwendung 
srésserer Kraft (ev. in Narkose) auch in diesen letzteren Gelenken eine 
sichtbare Spalte hervorbringen kénnte. In pathologischen Fallen diirfte 
‘s nicht als ungefaihrlich zu betrachten sein, sich solcher forcierter Ab- 
hebungs- oder Zugsversuche zu bedienen. Ein Ersatz fiir die Arthro- 
graphie kann die Methode also kaum werden. Bei pathologisch verin- 
derten Metakarpophalangealgelenken und Schultergelenken bei Kindern 
mag das Experiment vielleicht eines Versuches wert sein. 

v. PANNEwITz, HippE und HAHLE wiesen auf das haufige Vorkommen 
dieses Phinomens bei Arthritis deformans hin, eine Beobachtung, die 
auch an unserem Material gemacht wurde. Es ist naheliegend anzuneh- 
men, dass das Vorkommen der Spalte in diesen Fallen auf einer abnormen 
Stellung im Gelenk beruht, wodurch die Gelenkflichen leicht vonein- 
ander entfernt werden, und leicht negativer Druck entsteht. v. Pan- 
NEWITZ hat die Spalte im selben Gelenk an mehreren verschiedenen Un- 
tersuchungszeiten konstatiert. Auch wir verfiigen iiber einen Fall mit 
sichtbarer Gelenkspalte bei zwei mit grossem (mehrjahrigem) Zeitinter- 
vall ausgefiihrten Untersuchungen am selben Gelenk. Ob die Spalte 
in solchen Fallen voriibergehend oder dauernd vorhanden ist, lasst sich 
nach unserem Fall nicht beurteilen. Eine ahnliche Spalte wurde auch 
in einer Intervertebralscheibe in Fallen von Spondylosis deformans 
konstatiert (Fig. 7). Ein Bild, auf dem dieses Phinomen besonders 
deutlich hervortritt, wurde mir giitigst vom Dozenten Dr. HELLMER, 
Chef der réntgendiagnostischen Abteilung am Krankenhause in Lund 
zur Verfiigung gestellt (Fig. 8). 

T. Dae beschrieb im Jahre 1929 Veriinderungen in der Symphyse 
gegen das Ende der Graviditaét und gab an, hier eine spaltférmige Ver- 
diinnung in der Symphyse beobachtet zu haben, ein Befund, den ich bei 
Nachpriifung ilterer Radiogramme aus unserem Institut bestitigen 
konnte (Fig. 9). Es erscheint mir wahrscheinlich, dass diese Verdiinnung 
derselben Natur ist wie die sogen. wirkliche Gelenkspalte. In kemem 
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von den obenerwihnten Fallen konnte dem Sichtbarwerden der Spalt 
auf dem Réntgenbilde praktische Bedeutung beigemessen werden, un 
das Phinomen scheint deshalb hauptsichlich von theoretischem Inte 
resse zu sein. 


ZUSAMMENFASSUNG 


Die von gewissen Forschern in den letzteren Jahren in der réntgenologischen Lit 
ratur besprochene sogen. wirkliche Gelenkspalte, die sich als eine scharf markierte, spal 
formige Verdiinnung am Platze der Gelenkspalte zu erkennen gibt, kann, wie Verf. zeig 
bei Kindern in gewissen Gelenken durch Abheben oder Ziehen an den Gelenken experi 
mentell hervorgerufen werden. Das Phanomen scheint in diesen Fallen auf Gasentwick 
lung im Gelenk zu beruhen, die als Folge eines bedeutenden Unterdrucks entstande 
ist, eine Erklirung, die vom Gelenkanatomen R. Fick und seinen Mitarbeitern scho 
friiher gegeben wurde. Ausser bei den friither beobachteten Lokalisationen hat Ver! 
eine ahnliche Spalte in Intervertebralscheiben bei Spondylosis deformans, und in d: 
Symphyse zu Ende der Graviditit beobachtet. Eine gréssere praktische Bedeutun 
scheint man dem Phinomen nicht beimessen zu kénnen. 


SUMMARY 


The author shows that the so-called »true joint fissure», which in recent years ha 
been referred to in the roentgenologic literature by several writers, and which in th 
roentgenograph shows as a sharply demarcated dark fissure at the place of the articul: 
interspace, can in children be produced in certain joints experimentally, by over 


extending or by exerting a pull on the joint. In these cases, the phenomeno 
seems to be due to the development of gas in the joint, as the result of very deficient 
pressure; an explanation already given by R. Fick and his collaborators. Besicd 
with the localisations already observed, the author has seen such fissures in inte! 
vertebral discs in cases of spondylosis deformans, and in the symphysis toward the en 
of a pregnancy. That any considerable practical importance should attach to the problen 
is hardly to be supposed. 


RESUME 


L’interligne articulaire dit réel, dont certains auteurs parlent dans la littératur 
radiologique de ces derniéres années, et qui se révéle comme un espace clair netteme! 
délimité au niveau de l’interligne articulaire, peut comme le montre |’auteur étre provoqu 
expérimentalement chez les enfants dans certaines articulations; par fléchissement o 
par traction de l’articulation. Le phénoméne semble dans ces cas dépendre du développ: 
ment de gaz dans l’articulation, & la suite d’une pression négative considérable, explicatio 
déja fournie par l’anatomiste R. Fick et ses collaborateurs. En plus des localisatior 
antérieurement observées l’auteur a découvert un espace semblable dans les disqué 
intervertébraux dans la spondylose déformante, et dans la symphyse pubienne vers | 
fin de la grossesse. I] semble qu’on ne puisse attribuer 4 ce phénoméne qu’une important 
pratique trés restreinte. 
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FROM THE PHYSICAL LABORATORY OF THE RADIUMHEMMET, STOCKHOLM. 
CHIEF: R. M. SIEVERT 


DOSAGE UNITS AND THE IONISATION METHOD' 
by 
Rolf M. Sievert 


The ionisation method is in many respects an imperfect solution of 
the dosage problem. It is, however, exceedingly difficult to form any 
definite opinion as to what a method of measuring radiation should be 
like to be perfectly adequate for Roentgen- and radium therapy. Even 
if the energy given off in each unit of volume could be measured with 
satisfactory accuracy, little would be gained unless information on the 
spectral intensity-distribution of the radiation could at the same time 
be obtained. From the biological point of view, no method can be con- 
sidered absolutely exact unless the principle on which it is based renders 
it possible for every spectral component to contribute to the measured 
values in proportion to its biological effect, and unless that proportion 
is constant for all the components. Although it may be conceded, as 
far as the ionisation method is concerned, that these relations are valid 
with a certain degree of approximation, the question of how far they 
are accurate will become of increasing importance when the possibilities 
of biological investigations improve and the exactitude of the tec hniqu 
of practical treatment is perfected. Certain experimental investigations 
support the assumption that the differences in biological effect betwee: 
different qualities of radiation are by no means insignificant. In any 

case our knowledge of this subject is still very vague. 

It is naturally difficult, at a certain stage of progress of radiotherapy 
to state how far differences due to various sources of error can be toler- 
ated in medical practice. The arguments below are based on the opin- 
ion that the biologically effective dose ought to be reproducible with- 
in -+ 5 %, at least at the point where it reaches its maximum value. 

There are two different cases when physically correct dosage is re- 
quired in radiotherapy. In the first case it is desirable to be able to re- 
produce a given radiation technique in so far as the radiation incident 
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on the surface of the body is concerned. In the other it is necessary to 
obtain some idea of the radiation in the tissue, primarily at the level 
where the intensity is the greatest, as this will in most cases limit the 
radiation dose that can safely be given, but also at a depth, in the tumor 
and its surroundings. 

Considering that the biological effect is mainly due to secondary 
electrons we have the following possibility of obtaining by means of the 
ionisation method correct dosage data in Roentgen the srapy on the one 
hand and in y-raytherapy on the other. 

In the case of Roentgen rays the incident radiation can be deter- 
mined with fair accuracy, especially when using constant-potential gen- 
erators, which are now generally employed, at least in Europe. By 
stating the intensity of the incident radiation in, say, r per min., the volt- 
age, and the filter, the primary radiation will, in principle, be correctly 
described. It is quite evident that no biological factor need be in- 
cluded when specifying the incident radiation, and any method giving 
an unambiguous physical definition of the beam is quite satisfactory 
for this purpose. 

The problem is quite another when the radiation dose on and be- 
low the surface of the irradiated body has to be determined. In Roentgen 
radiation this meets with some theoretical difficulties. As regards the 
surface facing the incident radiation, these are comparatively insignificant, 
however, and might perhaps be considered of minor importance, as the 
additional secondary radiation here is still a relatively small portion 
of the total intensity, and the giving of the locus and size of the radia- 
tion field helps to make the treatments reproducible. To estimate the 
radiation conditions in the tissue is another matter, especially close to or 
in bones, where substances of relatively high atomic weight occur in 
considerable quantities. From a theoretical point of view it is conceiv- 
able that correct values might be obtained if measurements in the tissue 
were possible by means of an ionisation chamber, the walls and gas- 
filing of which were of the same atomic composition as the tissue in the 
spot where the intensity is to be determined. Measurements with air- 
wall chambers, the walls of which must for practical reasons be so thick 
that they do not permit the passage of any secondary electrons, must 
obviously give quite other, and even — relatively speaking faulty 
results. In view of the comparatively high atomic number of calcium, 
there is reason to suppose that the relation of ionisation in for instance 
»bone-chambers» to ionisation in air-chambers will vary considerably 
with the quality of the rays. 

To sum up, one might thus say that in Roentgen radiation generated 
at normal voltage (100—250 kV) the surface doses can on the whole be satis- 
factorily determined, while it is difficult to find an exact measure of the 
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effective radiation in the tissue. In practice this is perhaps of importance: 
only for the dosage close to or in bones. 

When using the ionisation method for y-radiation, conditions ar 
partly different. As the wall thickness necessary for the secondar: 
y-radiation to attain saturation value is comparatively great, 3—4 mn 
of substances of the same density as the tissues, the results will de “pens 
on what substances are present in what might be called the saturatio: 
layer. It will thus immediately be clear that it will be very difficul 
to determine unambiguously the radiation intensity on the surface « 
a radiation field. This intensity depends on which irradiated surfac« 
are emitting secondary f-rays towards the point where the measuremen 
is taken. It has frequently been pointed = (1, 2, 3, 4) that this may 

cause fairly considerable errors (up to 20—25 %). In y-radiation, too 

the same conditions as in Roentgen vediation obtain for deep dosag 
measurements, but in this case the ionisation does not in the same de 
gree depend on the atomic composition of the surrounding material 
It may thus be said that, in y-radiation, the difficulties of determinin: 
the surface dose are extremely large, and the assertion might be venture: 
that the possibility of determining the radiation intensity at a depth correctl; 
enough for biological purposes is somewhat greater than in Roentgen radia 
tron. 

In practice, however, and in spite of the fundamental difficulties 
pointed out above, it is necessary to try to find a practicable measuring 
technique and usable units. It should be noted here that an ionisatio 
unit is more dependent on the measuring technique than other generall) 
accepted physical units. Per se, this is already a very great weaknes: 
The international r-unit, adopted at the II International Congress o! 

Radiology at Stockholm in 1928, the definition of which is still practi 
ally unchanged, is nevertheless a comparatively good solution in Roent 
gen radiation. In recent years attempts have also been made to intro 
duce this unit for y-radiation. A number of hospitals have already gon: 
so far as to use r-units also in y-ray therapy. The Radiumhemmet Phys 
ical Laboratory has from the first opposed this practice, and one of th: 
objects of this paper is to give our reasons for this. 

The objections to the r-unit given here apply both to the r-unit 
as such, and to the possibility of correctly measuring y-radiation i 
r-units. 

In what has been said above of the ionisation method, only the phys 

ical aspect of the question has been considered, i. e. we have assumed 
the biological effect to be directly proportional to the ionisation, and 
have conceived this as arising mainly from secondary electrons emana- 
ting from the tissue. It does not seem a priori certain, or even probable, 
however, that such is really the case. In hard radiation, for instance, 
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effects, of a kind which is possibly still partly unknown, may arise, and 
these may make conditions quite different from those arising from soft 
radiation. Even if these fears are exaggerated, however, the »time- 
factor) will in any case render a common dosage unit for Roentgen and 
y-radiation unsuitable. 

Seeing that y- and Roentgen radiation are used in essentially dif- 
ferent ways, the times of treatment necessarily differ very much. In 
Roentgen therapy the times of treatment have hitherto in most cases 
varied within relatively restricted limits, and the time factor has there- 
fore not been of dominant importance. However, the technique of Roent- 
gen treatment has in recent years been developed to include both inten- 
sive radiation in very short times (e. g. CHAOUL), and weak radiations 
during long times (CouTaRD, MALLET); the time factor is consequently 
becoming increasingly important in this form of therapy also. That the 
time of treatment plays an important part in radium therapy must be 
considered indisputable. Under such conditions it is extremely desirable 
— if a common unit is at all to be employed — that an intensity unit, 
and not a dosage unit, should be chosen. From the point of view of the 
physicist, a measure of intensity is preferable, because it is not within 
his province to prescribe the dose, but to characterize the radiation de- 
sired by the doctor, who looks after the dosage. The fact that the r-unit 
may have functioned satisfactorily in the limited range of irradiation 
times used in Roentgen therapy, does not justify a conclusion that it 
will also be suitable for y-radiation. One need only note how often doses 
are given in r-units in literature without satisfactory time or intensity 
data, for doubts to arise in this respect. If the radiation intensity were 
considered the primary factor, to be subsequently combined. with in- 
formation on the time, and naturally also multiplied by this, stating 
the dose given, the technique of the treatment would be much more 
accurately defined. 

What has been said above regarding the usability of the ionisation 
method indicates yet another objection to the use of a common unit 
for Roentgen and y-radiation. Whenever such a unit may be of advan- 
tage, e. g. in combined radium- and Roentgen therapy or when com- 
paring results of the two, it is very often a question of determining the 
radiation on the surface. It has already been pointed out that this can 
be done fairly correctly in Roentgen radiation, but not in y-radiation. 

Every attempt at measuring y-radiation in r-units by the use of stan- 
dard chambers without wall effect has given very uncertain results. 
The fact seems to have been disregarded that a y-ray source cannot 
be effectively screened off without irradiating so large surfaces that a 
considerable quantity of secondary radiation from these will be added 
to the primary beam. The only practical possibilities seem to be 
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I. to calibrate a small air-wall chamber by means of Roentgen radia 
tion of varying hardness up to potentials of some hundreds of kilovolts 
and then — if the readings of the chamber should prove independen‘ 
of the wave-lengths within the Roentgen range — to assume that thi: 
will also be the case in radiation of very short wave-lengths; or 


II. to state that ionisation chambers of different shape and volum: 
made of air-walls show the same ionisation per unit volume, and to bas 
the definition of the r-unit for y-radiation directly on the ionisation in 
small air-wall chambers. 

Obviously both these methods are correct, and they should there- 
fore give the same relation r/Imc-hour. This is, however, not the case. 
MAYNEORD and Roserts, (5) for instance, state according to II that 1 
Imec-hour, i. e. 1 mg el. hour at 1 cm distance, filtered with */, mm Pt, 
corresponds to 8.3 r, while repeated measurements in the Radium- 
hemmet Physical Laboratory according to I, given in the table below, 
indicates that the values must be about 7.6 r, in other words values 
differing from MAayNEorpD’s and RosBert’s by about 8 %%. GLAssER and 
Rovner (6) have alleged that our values are not corrected for the errors 
due to the ionisation chambers’ and radium container’s not being 
punctiform. These authors do not seem to have read an earlier 
publication (10), which clearly shows that such self-evident corrections 
are taken into consideration. It is also clear that according to the defini- 


tion of the Imc-unit our values are corrected for the filter not being 
exactly 0,5 mm of Pt. 


Table I 
r per Imc-hours according to measurements by the Radiumhemmet Physical Laboratory 


+ 4 % correction for filtering being 0.30 mm Pt + 0.35 mm Au instead of 0.5 mm Pt; 
absorption in radium salt also taken into consideration 
Chamber I Chamber II 
2 mm of celluloid 4 mm of celluloid 
1) Without filter, 100 kV. .... 9.38 
4) 0.5 mm Ca mm Al, 10) kV ......2.2.. «72.68 798 
5) Tin filter (Thor«us(7)), 165 kV . . 7.78 
Mean value 2)—5) ......... 
Earlier mean value (Sievert (8)) ... . 


As the absorption of the y-rays is smaller than that of the hardest 
Roentgen rays used here, the value 7.78 must be corrected for the dif- 
ference in absorption in the walls of the chamber by some per cent. This 
correction is very difficult to find. A minimum value is, however, possible 
to estimate if we compare the absorption observed (see table I) with the 
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absorption of roentgen radiation in water given in a paper by THoRz&US 
9) and the absorption of y-rays in a carbon chamber as found by May- 
NEORD and Roserts (5). The different values are collocated in table 
Table II 

Roentgen rays 

100 kV 165 kV 

1mm Al Tin filter 


Absorption 
difference 
a—b 
Absorption calculated, 5 mm of water. .. . . 249 % 16 
Absorption observed, 4 mm of celluloid (sec Table 1) _- — 7% 

\bsorption observed, 6 mm of carbon... . ‘ - 


It seems very probable that the abovementioned correction must 
be at least — 2°. The value for r/Imc-hour will thus be 7.78—2 ° 
= ¢ 

The following circumstances are consequently here taken into con- 
sideration: 


1) the radium container and the ionisation chamber are not »points» 
(cf. SrEVERT (10)); 

2) correction must be made for the absorption in the radium con- 
tainer and the radium salt to 0.5 mm platinum walls; 

3) correction must be made to »zero wall-thickness» of the ionisa- 
tion chamber; 


4) the walls of the ionisation chambers must be thick enough to 
give saturation of the secondary #-rays. 


The information must also be added that according to the medical 
experience at Radiumhemmet the biologically obtained constant, r/Ime- 
hours, is about 5. Although this may to some extent be explained by 
the contribution of the secondary f-rays in most cases being smaller 
on the skin than further into the tissues, it nevertheless gives cause 
for reflection. 

It is anyway obvious that there must be some effects to which due 
consideration has not been paid. 

The objection might of course be made that the sources of error in 
measuring y-radiation are partly independent of the unit used (cf. 
MayneorpD and Roperts (5)). They ceicainly are, but the use of the 
r-unit for defining doses has long been held to be a kind of guarantee 
that the information is very correct, and its use for y-radiation is there- 
fore, apart from the other objections made above, very likely to give 
an extremely detrimental appearance of exactitude also to radium dos- 

According to THor (9). 


>» KOHLRAUSCH. 


> >» Mayneorp and Rosents (5). 


2 3 
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ages. This is strongly confirmed by, for instance, the tabulated sche- 
dule of dosages employed by different institutions for treatments wit} 
radium, which, calculated in r-units, is given in a paper by HoLTHusEn 
(11). Doses of 9,900 and 11,700 r are stated there to be employed i 
radium applications at the Radiumhemmet when treating cancer in uterus 
and vagina respectively, but no satisfactory information is given regard 
ing what radium — tumor distances have been assumed, and what er 
rors the calculation of the dosage involves. The Physical Laboratory 
of the Radiumhemmet considers itself, in spite of its considerably greate: 
experience of the technique used at the Radiumhemmet, unable t 
define the radiation dose in question within even + 50 %. Unless th 
efforts at exact dosage are combined with a highly critical attitude as t« 
how far this is feasible, international units will probably be doing 
more harm than geod. 

Mayneorp and Roserts (5) have pointed out that the use of the term 
intensity» appears to be logically incorrect. This may be true, if by 
»intensity» in physics is always meant »energy on unit area», but this is 
by no means the case. We speak, for instance, of the intensity of spectral 
lines, and of the intensity of sound waves, where the square of the 
amplitude of the oscillations is often used as the measure of intensity, 
and for $-rays we even use the number of particles per unit area w ithout 
determining the energy. The term »intensity» is thus used with so varying 
meanings that there can hardly be any weighty reasons for not em- 
ploying it in the present instance. 

To the physicist, moreover, the claim that intensity or dosage units 
based on ionisation effects should be logically connected with other 
physical units seems absurd. Whether »intensity» or »dosage» be used, 
the unit will from the physical point of view remain extremely unsatis- 
factory. A dosage unit should be a quantitative unit, and should there- 
fore presume the possibility of the quantity being measured physically. 
This is as yet impossible with the ionisation method. 

At the Physical Laboratory of the Radiumhemmet the question of a 
y-ray unit has been closely studied, and the following recommendations 
have been proposed. 


»Recommendations for a provisional unit for y-radiation. 


The following is proposed as a provisional unit for medical y-ray 
dosage. 

The unit for y-radiation intensity is the intensity at a distance of one 
centimetre from a radium preparation consisting of one gramme of 
radium element (pure radium sulphate) in equilibrium with its disinte- 
gration products, provided the source of radiation is surrounded on all 
sides by 0.5 mm platinum exclusively, and that the dimensions of the 


DOSAGE UNITS AND THE IONISATION METHOD 749 


reparation are so small that the source of radiation can be considered 
munctiform. This unit is called an »Jntensity Curie and its symbol will be Je. 

The thousandth part of this unit is called »Jntensity-milli-Curie and 
3 symbolized Ime. 

It is recommended that in medical y-ray dosage the intensity be 
tated in Ime, the time in hours, and the quality by information regard- 
ng the filter. The dose will be 
‘btained in Ime-hours. 


In using this intensity unit 
ttention should be paid to the / 
ollowing. 
) 


A) Measurements in this 

init can be satisfactorily made 
vith an accuracy of + 5 per ; 
ent by means of condenser | Wl 
hambers of the design and di- ) 
nensions shown in the accom- 
anying drawing, provided the 
naterial only contains substan- 
‘es of light atomic weight. | condenser 
Celluloid, free from impurities 
of any considerable density 
(colourless and transparent) is 
recommended as a_ suitable 
material. All surfaces of the 
chamber should be coated with 
is far as possible pure graphite. 
This chamber, and a radium 
container the dimensions of 
the radium content of which do not exceed '/, cm in any direction 
may be considered punctiform if the measurements are made at 
distances exceeding 3 cm. The wall thickness of the chamber has been 
selected to give an equivalence of at least 2 mm of water, thus preventing 
secondary f-rays excited outside the chamber to enter the chamber 
and to disturb the measurements. 

B) Both the unit and the measuring chamber can be used for radia- 
tion measurements at depths exceeding 2 mm in water or tissue. Neither, 
however, is satisfactory for measuring radiation intensities at or just 
below surfaces, because of the soft secondary radiation (mainly f-rays) 
from the surrounding substances irradiated by the y-rays. This secondary 
radiation will practically reach saturation at layer thicknesses, correspond- 
ing to 2—4 mm of water. If, however, in such cases, the unit or the cham- 
ber is nevertheless used, errors of up to 20 or 30 per cent may occur. 


Standard 


chamber. 
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C) Intensity values approximately comparable with those used 
roentgen therapy may be obtained by multiplying the values in Im 
by 0.13, which gives the intensity in r/min. 

When comparing doses given it must be remembered, however, tha 
the »time factor» may cause very great differences in biological effect 
as the radiation time varies, and, furthermore, that it has not yet bee 
established whether in cases of y-rays and roentgen rays equal doses 
as determined by the ionisation method and given in the same tim« 
will give the same biological effect.» 


The choice of units for the dosage is clearly of relatively small prac 
tical importance in a large institute working with large radium quanti 
ties, where experienced doctors and physicists are available. A grea 
many different units are certainly equally justified for practical purposes 
provided they are correctly used. Matters are different, however, it 
smaller institutions, or if only small radium quantities are available, as 
adequate experience cannot then be gained within a reasonable time 
owing to a less number of patients and inferior resources. A large in 
stitute works out its own methods of treatment, while a smaller estab 
lishment will often have to use those of larger institutes. These ci 
cumstances may clearly lead to errors of dosage arising through th: 
choice of unsuitable units, because the units are of importance mainl) 


for reproduction of irradiation techniques. Experiences from the years 
when the erythema dose was the principal criterion of Roentgen radia 
tion dosage, motivate this assertion. There is consequently ever) 
reason to consider carefully the risks attending an extension of the use 
of the r-unit also to y-radiation, and the author therefore is definitel\ 
of the opinion that the adoption of the r-unit as the international unit 
in radium therapy, too, would be very detrimental. 


Since the above article was written the »British X-ray and Radiun 
Units Committee for revising the International Recommendations fo: 
Radiological Units» (12) have published a proposal including recom 
mendations for the r-unit used in y-ray therapy. In these recommenda 
tions the values of r/Imc-hour obtained by different authors have been 
collocated. The author’s value has been corrected to »equlibrium air 
wall thickness» and »zero wall thickness», and is thus raised to 7.9. 
According to what has been said above, the corrections made by th 
British Committee are wrong. Our value is, although all corrections 
are made, not higher than 7.62 

It looks, however, as if the general opinion, at least in Germany 
and Great Britain, is now that the r-unit is very suitable also for y-ray 
dosage. 
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If this leads to an adoption of the r-unit also for y-rays at the pend- 
‘ng. International Congress of Radiology in Chicago, the author trusts 
hat that solution of the problem be only provisional, and that at least 
ome reservations will be added to the recommendations. 

It is, for instance, absolutely necessary that already in the introduction 
t is clearly pointed out that the r-unit is a correct dosage unit only af the 

iological effect of radiation is proportional to the ionisation in air, and 
ndependent of the quality of the radiation. 

It is also necessary to call attention to the fact that, when used in 
idium.therapy, the r-unit is much less accurate than in roentgen therapy. 
‘or y-ray doses some special letter should therefore be added to the unit 
ymbol. y-ray doses could for instance be written rc (r-curietherapy) 
nd roentgen doses rr (r-roentgentherapy). 

Only if some precamtione of this nature are taken can the dangers 
ointed out in this article be to some extent obviated. 


SUMMARY 


The author critically examines the use of the ionisation method in medical radio- 
ogy, and finds that that method, and consequently also the international r-unit, can 
mly under certain conditions be considered suitable for dosage purposes. 

The most essential condition for the ionisation method to be a reliable dosage method 


s that the biological effects of different qualities of radiation should be proportioi 

o their ionisation effect in air. This is by no means proven, however, and it may be 
ssumed beforehand that in certain parts of the body, e. g. in bones, it is not so. The 
eliability of the ionisation method in the hardest y-radiation differs, moreover, from 
ts reliability in roentgen radiation (100—250 kV). A common unit for radium and roent- 
ren is therefore not at all desirable, and the author stresses the great risks that may be 
nvolved by the use of such a unit. 

In an addendum the author points out that in the Rules regarding radiological units 
recently proposed by the »British X-ray and Radium Units Committee for revising the 
International Recommendations for Radiological Units» sufficient allowance has not 
een made for the above circumstances, and proposes an amendment which would to 
some extent reduce the risks. 


ZUSAMMENFASSUNG 


Der Verfasser unterzieht die Anwendung der Ionisationsmethode innerhalb der 
medizinischen Radiologie einer kritischen Priifung und findet, dass dieselbe und folg- 
lich auch die internationale r-Einheit nur unter gewissen Voraussetzungen fiir Dosie- 
rungszwecke geeignet sind. Die wichtigste Voraussetzung fiir die Zuverlissigkeit der 
[onisationsmethode als Dosierungsmethode ist, dass Strahlung von verschiedener Quali- 
tit eine biologische Wirkung hat, die der Ionisation in der Luft proportional ist. Dies 
ist jedoch noch keineswegs bewiesen, und schon im voraus kann man sagen, dass es 
nicht fiir die Strahlung in gewissen Kérperteilen, z. B. in Knochen, gilt. Die Zuverliis- 
sigkeit der Ionisationsmethode ist ausserdem bei der hirtesten y-Strahlung und bei 
Réntgenstrahlung (100—250 kV) verschieden. Es ist daher durchaus nicht wiinschens- 


48—370088. Acta Radiologica. Vol. XVIII. 1937. 
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wert, dass eine gemeinsame Einheit fiir Radium und Réntgen angewendet wird, un 
der Verfasser weist auf die grossen Risiken hin, die eine solche mit sich fiihren kan: 

In einem Zusatz weist der Verfasser darauf hin, dass in dem neulich von dem »Britis! 
X-ray and Radium Units Committee for revising the International Recommendation 
for Radiological Units» gemachten Vorschlag zu Bestimmungen fiir radiologische Eix 
heiten die oben erwihnten Verhiltnisse nicht geniigende Beachtung gefunden haber 
und macht Vorschlige fiir gewisse Zusiitze zu diesen Bestimmungen, um die genann 
ten Risiken einigermassen zu mindern. 


RESUME 


L’auteur procéde & un examen critique de l’emploi de la méthode d’ionisation dan 
la radiologie médicale et conclut que celle-ci, et par suite l’unité »m internationale ne son 
propres au dosage que dans certaines conditions. La condition premiére pour que |: 
méthode d’ionisation soit sire comme procédé de dosage réside dans le fait que le ray 
onnement de qualité différente doit avoir une action biologique proportionnelle ; 
Pionisation dans l’air. Toutefois ceci n’est aucunement prouvé, et l’on peut dire : 
priori que ce ne peut étre le cas pour le rayonnement dans certaines parties du corps 
comme par exemple l’os. L’exactitude de la méthode d’ionisation est par ailleurs dif 
férente suivant qu'il s’agit de rayons-y ou de rayons-X (100—250 kV). Il n’est don 
en aucune maniére désirable qu’une unité commune soit employée pour le radium et 
les rayons X, et l’auteur fait ressortir les gros risques que ceci peut entrainer. 

Il signale ensuite dans un additif que le »British X-ray and Radium Units Committe: 
for revising the International Recommendations for Radiological Units», dans le pro 
jet présenté récemment relativement & la fixation des unités radiologiques, n’a pas ten 
un compte suffisant des conditions ci-dessus indiquées, et il propose d’ajouter certain: 
modifications & ces dispositions pour en amoindrir les risques dans une certaine me 
sure. 
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THE AMOUNT OF OFF-FOCUS RADIATION IN BEAMS 
FROM VARIOUS TYPES OF ROENTGEN TUBES' 
by 


R. Thoreus 


As regards the origin of the radiation, the beam from a roentgen tube 
may be considered to consist of two different components, viz. the true 
focus radiation and the off-focus radiation. The former, constituting the 
major part of the radiation output, has a very well defined origin of com- 
paratively small dimensions, while the latter originates from all those 
parts of the tube on which focus radiation and secondary electrons from 
the focal spot are incident. Tube parts containing elements of high atom- 
ic numbers are particularly active in the emission of off-focus radiation, 
and tubes having a tungsten anode stem may therefore be expected to 
show comparatively large additional amounts of off-focus radiation 
(»stem-radiation»). In two previous papers (1 and 2) the author has briefly 
considered this question, and these results have been verified by QuImBY 
and MARINELLI (3). 

A detailed knowledge of off-focus radiation and its relation to the in- 
tensity output may be of interest for the following reasons. When small 
entrance fields are used in roentgen therapy, a diaphragm is usually 
applied to reduce the cross-section of the beam to a suitable size in rela- 
tion to the field. The off-focus radiation is then more or less screened off 
by the diaphragm, which means a corresponding decrease of the intensity 
incident on the field. In all kinds of radiographic work, on the other hand, 
off-focus radiation is absolutely undesired; by causing a general fogging 
of the plate it directly impairs the radiographic result. In most cases the 
off-focus radiation is thus troublesome, and we may accordingly state that 
roentgen tubes without such radiation would be most ideal, especially 
in radiographic work. 


1 Submitted for publication, June 18, 1937. 
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To get an opinion of how the ordinary roentgen tubes differ from the 
ideal tube in respect to the amount of off-focus radiation, the author has 
made some measurements, which are briefly recorded below. 

The principal arrangements used for the measurements will be seen 
in fig. 1. K is a spherical graphite ionisation chamber (outside diameter - 
16 mm), and B is a diaphragm with a circular aperture, the diameter of 
which is designated d. The focal distance of the chamber (F) was 

400 mm in all the measurements, and 

F that of the diaphragm will be found in 

table 1. If. Dis the diameter of the focal 
aperture, we get 


D may be considered a measure of th 
focal region, or that part of the tube which 
is irradiating the chamber. The intensity 
that refers to the maximum D-value is 
here the unit to which the intensities 
: obtained from the same tube and with 

Fig. 1. smaller focal apertures are reduced. Great 
care must be taken to avoid backscatter. 
The true focal intensity is measured when the diaphragm aperture d 


permits the whole chamber to be irradiated from each element of the focal 


Table 1 


No. of No. of 
Roentgen tube Tube-voltage curve 
Type and make graph in focal spot used in 


fig. 2 


Miller Gross Metro. .... Very irregular 100 and 165 kV 
const. pot. 


Metwa Metalix (gluss window) 2 6mm 100 and 165 
elliptical kV const. pot. 

10 mm nearly 100 and 165 kV 
circular const. pot. 


ee 6 x 9 mm 27 165 kV const. 
elliptical pot. 


Therapy tubes 


Metalix diagnostic ..... E 3 x 3 mm band- 60 and 100 kV 
focus const. pot. 


Miller Media. ....... } x 2 mm band- 60 KV const. pot. 
focus 

2x 2 mm band- 127 60 kV p. 3-phase 
focus 


Diagnostic 
tubes 


F 
| 
II 
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spot. The value thus obtained, and its relation to a value obtained with a 
greater aperture, gives direct information as to the additional amount of 
off-focus radiation in the beam in question, As, for convenience, circular 
apertures are used, and in most cases the projection of the focal spot in 
a plane at right angles to the beam is not circular, and, moreover, because 
of the finite size of the ionisation chamber, it is difficult to determine the 
intensity of the true focus radiation exactly. It will be found, however, 
that the percentage of off-focus radiation can be estimated with fair ap- 
proximation, quite sufficient for the purpose of comparing various tubes. 

The various tubes investigated are given in table 1, and in fig. 2 natu- 
ral size pin-hole photographs of their focal regions, As regards the blacken- 
ing in the true focus, the photographs are more or less over-exposed for 
the purpose of studying the off-focal region. This is clearly illustrated by 
the photographs No. 6 a and 6 b, the former of which corresponds to an 
exposure of 20 seconds and the latter to one of 14 minutes. It may be 
noted here that the size of the true focal spot cannot be estimated from an 
over-exposed photograph; the size obtained would be larger than that 
obtained from a moderately exposed photograph. In all the photographs 
the anode stem is directed downwards. 

In the semi-logarithmic diagram fig. 3 the relative intensities of each 
tube are plotted against the focal aperture D. All these measurements 
refer to the unfiltered beam, The fulldrawn curves refer to therapy tubes 
and the dotted curves to diagnostic tubes. Table 1 shows that some of the 
tubes have been studied at more than one tube voltage, the idea being to 
investigate how far the amount of off-focus radiation in the beam changes 
with the tube voltage. In all the tubes thus examined very small varia- 
tions with the tube voltage were found, and the general statement, that, 
within the voltage range covered by the present investigation, the amount 
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of off-focus radiation in the beam is practically independent of the tube 
voltage may therefore be justified. In illustration, the results obtained 
with the tubes A. E.G. T III and Metalix diagnostic are given in table 2. 


Table 2 


A. E.G. T III Metalix diagnostic 


Focal aperture wel, Sntenethy Focal aperture rel. intensity 


— 100 kV 165 kV — 60 kV 100 kV 


1.00 1.00 1.00 1.00 
0.94 0.93 0.98 1.00 
0.78 77 
0.66 0.67 


In Nos. 2, 5 and 6 b in fig. 2 the difference in blackening between the 
tungsten target and the surrounding copper body of the anode surface can 
be clearly seen. This supports the above statement that elements of high 
atomic numbers are particularly active in the emission of off-focus radia- 
tion. The tubes corresponding to photographs Nos. 1 and 3 may conse- 
quently, because of their strong stem-radiation, be expected to have 
large percentage of off-focus radiation. The curves I and III evidently 
verify this conclusion. 

The tube corresponding to photograph No 4 seems to be relatively 
favourable, showing about 13 per cent of off-focus radiation at maximum 
focal aperture. Because of the anode construction of this tube, secondary 
electrons from the focal spot contribute very little to this percentage, and 
it would, therefore, seem probable, that the off-focus radiation found is 
mainly due to secondary radiation from the double glass wall. 

The curves No. II and V clearly show the great advantage of applying 
the beam-limiting aperture as close to the focus as possible. 

The desired cross-section of the beam is then obtained with the small- 
est possible focal aperture. In cases of glass-tubes the beam-limiting 
diaphragm should accordingly be applied as near as possible to the glass 
wall. The aperture should never exceed the geometrical size required to 
obtain a cross-section that safely covers the irradiated field. 

As mentioned above, the results given in the diagram, fig. 3, refer to 
the unfiltered beam. For the sake of comparison some results previously 
obtained (2) with an A. E. G. T III tube and with different filters are 
collected in table 3. It will be seen that with 2 Al and 4 Al the percentage 
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of off-focus radiation in the beam is somewhat greater than with the othe 
filters. The increased amount of such radiation thus found with 2 Al an: 
4 Al is probably due to increased secondary radiation from the filter 
themselves owing to their relatively great thickness. For the other fou 
beams no appreciable difference in the percentage rate of off-focus radi 
ation can be observed, although there are very great differences in th: 
filtration. 


Table 3 


Relative intensity 


Filter and voltage focal focal focal focal 
aperture apertare aperture aperture 
24.5 mm $2 mm 131 mm 212 mm 


0.82 0.86 0.93 1.00 
Comb. tin-filter,, 105 kV ....... 0.87 0.92 1.00 


' Acta Radiol. Vol. XV, fase. 3, 1934, p. 22% 


From the above results we may be justified in concluding, that for 
each tube the amount of off-focus radiation is practically independent o! 
both tube voltage and filtration (filters of great thicknesses excluded), and 
that the beam obtained with the various tubes at maximum apertures 
contains from 9 to 25 per cent of off-focus radiation. 

In cases of oil-immersed roentgen tubes secondary radiation from th: 
oil may be expected to increase the percentage of off-focus radiation con- 
siderably. Experimental measurements by Marvin M. D. Wittiams (6) 
actually gave values of from 35 to 45 per cent. This way of insulating th: 
tube may accordingly be considered to make the radiation output stil 
more complex. 

In the light of the above results, it may be of interest to note that in 
a paper in 1933 W. H. Botpineu (4) writes as follows: »It has been found 
that at a continuous D. C. voltage, when using a tube with a tungste1 
anode, the dose given ’free in air’ at a given focal distance with a given 
current and filter thickness, is a definite function of the voltage». As 
neither the focal aperture and its influence on the additional amount of 
off-focus radiation, nor the thickness of the tube wall and its influence 
on both the total filtration and the intensity output (5) are accounted for, 
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this statement may be considered insufficiently defined, and therefore 
somewhat misleading. 

Having verified and discussed the author’s previous results (2), 
QuimBy and MARINELLI (8) state: »It is evident from this that calibration 
of the tube output, even in air, should be done for different beams.» In 
the author’s opinion this is the correct conclusion from the results. 

I wish to express my cordial thanks to Dr. E. LysHotm of the Sera- 
fimerlasarettet Roentgen Institute, who kindly put at my disposal the 
Pantix tube and the 3-phase generator of the Institute. 


SUMMARY 


This article gives the results of an experimental investigation of the percentage of 
off-focus radiation in beams from seven different types of roentgen tubes at voltages 
between 60 and 165 kV. For one of the tubes, the results obtained with different filters, 
are also discussed. The question has been studied qualitatively by means of natural size 
pin-hole photographs of the focal region and quantitatively by means of ionisation meas- 
urements of the intensity output. For the tubes investigated, the results show that the 
amount of off-focus radiation is practically independent of both tube voltage and filtra- 
tion (filters of great thicknesses excluded), and that the beam obtained from the various 
tubes at maximum aperture contains from 9 to 25 per cent of off-focus radiation. 


ZUSAMMENFASSUNG 


In diesem Aufzatz werden die Resultate einer experimentalen Untersuchung iiber 
den Gehalt an extrafocaler alung in den Strahlenbiindeln von 7 verschiedenen 
Typen Réntgenréhren bei Erregungsspannungen von 6C—165 kV wiedergegeben. Bei 
einer der untersuchten Réhren werden auch die mit verschiedenen Filtern erhaltenen 
Resultate niher besprochen. Die Untersuchung der prozentualen Menge extrafocaler 
Strahlung wurde teils qualitativ durch Lochkamera-Aufnahmen der focalen Region in 
natiirlicher Grésse, teils quantitativ durch Ionisationsmessungen der Strahlungsintensitit 
ausgefiihrt. Bei allen den untersuchten Réntgenréhren zeigen die Resultate, dass die 
prozentuale Menge extrafocaler Strahlung von der Réhrenspannung wie von der 
Filtrierung (besonders dicke Filter ausgeschlossen) praktisch gesehen unabhingig ist, 
sowie dass die Strahlenbiindel der verschiedenen Réhren bei maximalem Biindeldurch- 
messer 9—25 °, extrafocale Strahlung enthalten. 


RESUME 


Cet article donne le résultat d’une investigation sur le pourcentage de la radiation 
extrafocale de rayons provenant de 7 types différents de tubes de Roentgen a des voltages 
de 60 4 165 kV. Pour l'un des tubes les résultats obtenus avec des filtres différents sont 
aussi discutés. La question a été qualitativement étudiée a l’aide de photographies de 
trou, grandeur naturelle, de la région focale et quantitativement en mesurant le pou- 
voir d’ionisation de |’intensité émise. Pour les tubes examinés les résultats montrent 
que la quantité de la radiation extrafocale est pratiquement indépendante du voltage 
du tube, et de la filtration (filtres de grande épaisseur exclus), et que les rayons obtenus 
par les divers tubes a l’ouverture maximum contiennent 9 a 25 % de radiation extrafocale. 
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BERNISCHE RADIUMSTIFTUNG UND RONTGENINSTITUT DER UNIVERSITAT BERN 


ZUR ABSOLUTBESTIMMUNG DER GAMMASTRAHLEN- 
DOSIS' 
von 


W. Minder, Bern 


1. Einleitung 


Im Hinblick auf die Wichtigkeit der Vereinheitlichung der Dosi- 
metrie der Réntgen- und Gammastrahlen werden in Gemeinschaft mit 
lem hiesigen Réntgeninstitut (Prof. Dr. Ap. LirecuT!) seit einiger Zeit 
Versuche angestellt, die zu Klairung dieser Frage beitragen sollen. 
Von diesen Versuchen ist nun der erste Teil, nimlich die Messung der 
.bsoluten Gammastrahlendosis in »r)-Einheiten soweit zu einem vor- 
laufigen Abschluss gelangt, dass dariiber berichtet werden darf. 

Ks sind in den letzten Jahren zahlreiche derartige Untersuchungen 
angestellt worden. Alle erstrebten das Ziel, die Gammastrahlung eines 
Radiumpriparates bestimmter Starke in »r-Einheiten auszudriicken. 
Um bestimmte Standardbedingungen zu realisieren, sollte die von R. 
SrEVERT* als Imc-Einheit definierte Strahlenmenge von 1 mg Ra, El. 
bei bestimmter Filterung (0.5 mm Pt, resp. 1.0 mm Pt) in 1 em Abstand 
in 1 h in int. »r» angegeben werden kénnen, 

Da die Konstanz der Strahlung des Radiums gewiihrleistet, oder aber 
diejenige anderer radioaktiver Strahlenquellen in einfacher Weise zu 
berechnen ist, so ist es bei Kenntnis der Strahlenmenge des Einheitspri- 
parates (1 mg) in der Zeitenheit (1 h) méglich, praktisch vorkommende 
Fragen der Dosimetrie in relativ einfacher Weise rechnerisch zu behan- 
deln, oder aber mit andern einfachen Methoden zu lésen (photographisch). 

Berechnungen dieser Art sind in letzter Zeit besonders durchgefiihrt 
worden von W. V. Mayneorp,’ Soutrar,* J. Murpocn, 


1 Bei der Red. am 21. IV. 1937 eingegangen. 
* Acta Radiol. Suppl, XIV. 1932. 

* Br. J. Rad. V, 1932. 677. 

* Ebenda IV. 1931. 681. 
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H. Sranet und Srmons,? G. C. Laurence,? W. MINnDER*® un 
andern, wiihrend das photographische Verfahren von H. Hoitruusey 
und A. HAMANN‘ entwickelt wurde und von H. KrircHorr un 
V. Beato® sowie von U. HENSCHKE® erweitert und prizisiert worde: 
ist. Es ist deshalb die Bestimmung der »Dosenkonstanten> fiir die mg 
in absoluten Einheiten »r> die Grundlage der neuern Gammastrahlen 
dosimetrie und damit der modernen Radiumstarktherapie. 

So wurde denn diese Absolutbestimmung, trotzdem schon eine Reih 
solcher Messungen mit befriedigender Ubereinstimmung vorliegen, doc} 
nochmals unternommen, und es ist im Verlauf der Versuche auch gelungen 
den direkten Anschluss an die Einheit der Réntgenstrahlenmenge z1 
finden. 


2. Die Messapparatur 


Wie zahlreiche Versuche, in der letzten Zeit besonders diejenigen voi 
R. und W. MINDER’ iibereinstimmend gezeigt haben, sind zu 
Messung der Gammastrahlen nur Ionisationskammern aus luftiquiva 
lentem Material geniigender Dicke zu verwenden. Alle andern Mess 
kammern miissen unrichtige Werte der Ionisation liefern, da dem Me- 
chanismus der Ionenproduktion nicht die der Definition entsprechenden 
Bedingungen geschaffen werden. 

Luftaquivalent ist eine Messkammer dann, wenn die Massenabsorp- 
tionskoeffizienten ihres Wandmaterials von denen der Luft nicht ver- 
scheiden sind, und wenn die Dicke der Kammerwand einen Luftmantel 
von allseitig mindestens 4 m ersetzt. Bei diesen Bedingungen misst die 
Kamme> mit dem Volumen V einen derartigen Ionisationsstrom, wie 
wenn dieses Volumen allseitig mit freier Luft umgeben wire. 

Die lonisationsstréme, die zu messen sind, betragen der Gréssenord- 
nung nach 10~"—10~" Amp. kénnen also nur mit dem Elektrometer 
oder aber durch sehr hohe Verstairkung gemessen werden. Beide Mess- 
verfahren haben ihre Vorteile und Nachteile. Die Verstirkermethod 
setzt einen sehr hohen bekannten Widerstand voraus, wihrend die 
elektrometrische Messmethode als schwierigen Teil die Bestimmung de1 
Kapazitat zur Grundlage hat. 

Mit der Verstairkeranordnung wurden besonders interessante Resultat« 
gewonnen, durch W. Friepricu, K. ZimMer und R. Scuvuuze.* Dagegen 
wurde das elektrometrische Messverfahren mit Erfolg angewendet von 
H. Stawen.* G. W. C. Kaye und W. Brinks.” Neusterdings auch von 
H. SMERECKER." W. V. MayNneorp und R. Rosperts.” 

‘ Strahlenth. 57. 1936. 87. — * Radiology 25. 1935. 66. — * Rad. Rsch. V. 1936. 
1. und Manuskript. — ¢ Strahlenth. 43. 1932. 667. — * Ebenda 54. 1935. 462. — ® Priv. 
Mitteilung. — * Im Dr. — * Strahlenth. 51. 1934. 26. — *® Ebenda. 53. 1935. 102. — 
10 Ebenda 56. 1936. 608. — ™ Ebenda. 58. 1937. 267. — " Br. J. Rad. X. 1937. 365. 
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Unsere Apparatur bestand aus 3 Teilen: Elektrometer, Verbindungs- 
cohr und Kammer. Die 3 Teile konnten beliebig voneinander getrennt 
verden. Als Elektrometer wurde ein Schlingenelektrometer nach Kol- 
\érster verwendet, welches gestattet, mit variabler Empfindlichkeit bis 
mu ca. 0.005 Volt/Skalenteil zu arbeiten. Dazu ist die Kapazitiat des In- 
strumentes sehr gering. 

Als Kammern wurden Graphitkammern von 4 mm Wandstirke mit 
‘erschiedenen Volumina verwendet. Die Verbindung zwischen Kammer 
ind Elektrometer bestand aus einem 2 m langen versilberten Messing- 
ohr von 20 mm lichter Weite. Dieses enthielt als Leitung einen 1 mm 
‘tarken Messingdraht, der durch Bernsteinisolatoren alle 30 cm abge- 
stiitzt war. Die Leitung war luftdicht eingekittet und das Rohr evakuiert. 
Die ganze Messanordnung lehnt sich in ihrer Konstruktion an eine von 
W. Frrepricu (I. c.) beschriebene an. 

Die Messapparatur erlaubt sowohl das Entladeverfahren als das 
Aufladeverfahren. Es wurde mit beiden gearbeitet und keine Abweichung 
ler Resultate festgestellt. Bei allen Messungen wurde dafiir gesorgt, 
lass mit méglichst geringen Spannungsdifferenzen in der Zuleitung 
zwischen Leitung und Aussenmantel (Erde) gearbeitet werden konnte. 
Diese Spannungsdifferenz iiberstieg niemals 3 V. Beim Aufladeverfahren 
war sie sogar stets geringer als 0.5 V. Diese Vorsichtsmassregel war 
deshalb erwiinscht, weil damit evtl. Isolationsverluste auf ein Minimum 
reduziert werden konnten. Es zeigte sich, dass die Isolation der Zuleitung 
so gut war, dass auch bei den kleinsten gemessenen Strémen, der Leer- 
ablauf des Elektrometers kleiner war als 1 %, also vernachlissigt wer- 
den durfte. 


3. Erste Messungen 
Die ersten Messungen mit der oben beschriebenen Apparatur wurden 
schon 1935 ausgefiihrt. Bis zum gegenwirtigen Zeitpunkt wurden die 
Messungen fortgesetzt, so dass wir heute iiber eine grosse Zahl von Ein- 
zelresultaten verfiigen. Die maximalen Differenzen zwischen den Einzel- 
werten sind iiberall geringer als + 3 °% vom Mittelwert. Aus den Messun- 
gen ergibt sich die Dosenkonstante (Imc.—Einheit in »r) K zu: 
-  CAVr*3600 
K = —~r/meh 
300° At-M-v 


Wenn C die Kapazitit des Systems, 4 V die Spannungsdifferenz in der 
Zeit A t betrigt, das Radiumpriparat mit M mg Ra. El. umrcm von der 
Messkammer mit dem Volumen v cm? entfernt ist. Es miissen also zur 
Absolutbestimmung der Gammastrahlendosis 6 Gréssen: Kapazitat, Span- 
nung, Abstand, Zeit, Menge und Kammervolumen mit hinreichender 
Genauigkeit bestimmt werden kénnen. 
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Die Bedingung der punktférmigen Strahlenquelle ist in der Praxi: 
der Messung nicht erfiillt. Die einzelnen zur Verfiigung stehenden Pri 
parate sind zylinderférmig. Die Abnahme der Strahlungsdichte gehi 
daher fiir kleine Abstiinde nicht quadratisch mit dem Abstand, sonder: 
nach der Funktion der Strahlungsverteilung um eine strahlende Gerad 
(der Durchmesser des strahlenden Herdes betrug maximal 2 mm) voi 
sich. Diese Funktion lautet: 


lr 
Darin bedeutet K die zu bestimmende Dosenkonstante, M die Menge 
Radiumelement, | die Lange des strahlenden Herdes und r der Abstand 
zwischen Herdachse und Messpunkt. Die Winkel 9; und ¢: sind gegeben 
durch das Lot des Messpunktes auf die strahlende Gerade und die beiden 
Verbindungen mit den Enden des Strahlungsherdes. 

Wie die Entwicklung der obigen Funktion nach verschiedenen r 
und | zeigt, sind die Unterschiede zwischen der Strahlung eines Punktes 
nnd der einer strahlenden Geraden bei Abstinden, die grésser sind als die 
doppelte Linge der strahlenden Geraden, kleiner als 2 °%,. Bei Abstianden 
der fiinffachen Lange ist der Unterschied kleiner als 0.3 ®%. Ahnliche 
Werte sind auch von J. Murpoc# und E. STaHeEt (1. c.) angegeben worden. 
Es wurde in allen Fallen mit gréssern Abstiinden als die dreifache 
Herdlinge gearbeitet und auf eine entsprechende Korrektur der Werte 
verzichtet, da der maximal so gemachte Fehler kleiner war als 0.5 %. 

Die Radiummenge M eines Praparates kann unter gewohnlichen Be- 
dingungen auf 0.5 % genau gemessen werden. Um ein méglichst homo- 
genes Bestrahlungsfeld zu erzielen, wurden mehrere Radiumkérper um 
die Messkammer herum aufgestellt. Das geschah in der Weise, dass die 
einzelnen Kérper in einem Papperahmen befestigt wurden, und dieser 
eine feste Stellung gegen die Messkammer einnahm. Dadurch wurde der 
obige Fehler teilweise ausgeglichen. 

Die Messung der Distanzen r konnte auf 0.1 mm genau gemacht 
werden, was ebenfalls einem Fehler von héchstens 0.5 °% entsprach. Das- 
selbe galt fiir die Zeitmessung, bei der 0.1 sec abgelesen werden konnte. 

Es wurden zwei verschiedene Kammern aus Graphit verwendet. Die 
eine hatte ein Volumen von 10.3 cm’, die andere ein solches von 2.55 
em*. Die Volumina wurden durch Tarierung mit Quecksilber ermittelt. 
Auch bei dieser Messung wird ein Fehler von 0.5 ° angenommen, ob- 
schon er tatsichlich wesentlich kleiner war. 

Besondere Sorgfalt erforderte die Bestimmung der Kapazitit. Diese 
wurde in der iiblichen Weise mit einem vom Eidg. Amt fiir Mass und 
Gewicht geeichten Harms-Kondensator ausgefiihrt und ergab sich zu 
44.1 + 0.2 cm. Die Voltempfindlichkeit des Elektrometers wurde mit 
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‘inem ebenfalls von Eidg. Amt fiir Mass und Gewicht gepriiften Prizi- 
ionsvoltmeter gemessen. Auch hier wurde ein Fehler von 0.5 % ange- 
.ommen, obschon er wesentlich tiefer ausfiel. 

Mit diesen absichtlich zu hoch gegriffenen Fehlergrenzen berechnet 
ich der Maximalfehler der Einzelmessung zu + 3.5 %. Die tatsichlich 
semessenen Werte liegen alle innerhalb eines Fehlers von + 3 %. Eine 
Ubersicht iiber diese ailtern Messungen gibt Tabelle I: 


Tabelle I 


Menge Zahl der | Abstand Kammer Filter Kin 
mg. Traiger cm em®* mm Pt r/mgh 


40.2 ‘ 6.20 10.3 10 
40.2 9.90 10.3 1.0 
40.2 6.22 1.0 
40.5 6.15 2.55 1.0 
40.5 9.92 1.0 
40.5 9.90 


Mittel: 


7. 
i. 
8. 


Mitte]: 7.90 2 0.1 


Die Messungen sind bei 18° C und 710 mm Hg Barometerstand aus- 
gefiihrt worden. Die entsprechenden Korrekturen betragen zusammen 
13.6 %. Der Unterschied in den Mittelwerten mit den Filtern 0.5 mm 
Pt und 1.0 mm Pt betragt 4.6 °% und diirfte etwas zu tief ausgefallen 
sein. Die Werte zeigen aber eine gute Ubereinstimmung mit friiher ge- 
machten Messungen, wie Tabelle II zeigt: 


Tabelle IL 


Filter 


Autor 
mm Pt in 1 cm 


O. Guasser u. F. R. Mavutz 
J. Murpoca u. E. 

W. Farepricu u. R. Scuvuuze. 
Diese Arbeit 


J. Murpocs u. E. 
W. Friepricu u. R. ScHuLze . 
Diese Arbeit 


a} 


7.33 
7.62 
7.58 
7.50 
7.64 
7.68 
7.56 + 0.1 
16 4 6.15 2.55 0.5 moo 
8 2 6°15 10.3 0.5 3 
16 4 6.24 2.55 0.5 s 
16 4 6.24 10.3 0.5 1 
16 4 6.20 2.55 0.5 0 
16 4 9.92 10.3 0.5 7 . 
0 
4 0.5 11 
| 
0.5 90 
oe 1.0 62 
a 1.0 56 
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Soweit waren die Untersuchungen schon Anfangs 1936 abgeschlossen 
Seither haben sich mehrere Autoren mit der r-Bestimmung befasst und 
mit verschiedenen Methoden Werte erhalten, die mit den angefiihrte 
ebenfalls in recht befriedigender Weise in Ubereinstimmung standen 
Ferner konnte inzwischen der experimentelle Beweis fiir die Richtigkeit 
der Vorstellung iiber die Luftiquivalenz durch die Arbeiten von R 
ScHuLzE und W. MINDER (I. c.) geliefert werden. 

W. V. Mayneorp (I. c.) gibt als neuesten Wert seiner Messungen mit 
verschiedener _Kammerwanddicke und kurzen Distanzen (15 em) durch 
Extrapolation auf die Kammerwanddicke 0 fiir eine Filterung von 0.5 
mm Pt den Wert von 8.3 r/mgh an. H. SMEREKER (I. c.) gelangt bei 8 em 
Abstand mit Kammern aus Al zu einem Wert von 7.74 r/mgh fiir dieselbe 
Filterung. G. W. C. Kaye und W. Brinks haben die Jonisation der Gam- 
mastrahlung fiir verschiedene Abstinde bis zu 10 m gemessen und haben 
in Gegensatz zu R. ScovuLzE und W. MrInpeER einen Anstieg der Ionisation 
mit steigendem Abstand gefunden, der bis zu 10 m ca. 30 % ausmacht. 
Als wahrscheinlichsten Wert der Dosenkonstanten (0.5 mm Pt) geben sie 
7.7 r/mgh an, als den tiefsten bisher gemeldeten Wert. 

Kritisch darf zu den letztgenannten Werten folgendes bemerkt 
werden: Die Messungen von W. V. MayNEorD und R. RoBerts wurden 
mit Graphitkammern mit Wandstirken von 0.5, 2, 5, 20 mm, mit Mg- 
Kammern von 0.5, 1, 2, 3, 10, 20 mm und mit Paraffinkammern von 
0.5, 5, 9, und 20 mm ausgefiihrt. Leider fehlen in der Variation der Wand- 
dicke des luftiquivalenten Materials in der Umgebung der kritischen 
Dicke von 3—4 mm ‘gréssere systematische Messreihen, so dass der 
Kurvenverlauf der Ionisation mit steigender Wandstirke nur teilweise 
angegeben werden kann. Wie aber aus den Messungen von R. Scuvu.ze, 
R. ScHvuLzE und W. MINDER und neusterdings auch von H. SMEREKER 
ganz eindeutig hervorgeht, haben diese Kurven kein so ausgeprochenes 
Maximum, wie es in der Darstellung von W. V. Mayneorp und R. 
RosBerts zu Ausdruck kommt, sondern zeigen iiber eine gréssere Dicken- 
variation von ca. 2 mm luftiquivalentem Material fast horizontalen Ver- 
lauf. Weiter haben die Messungen von W. Frrepricw und K. Zimmer! 
gezeigt, dass im Wasserphantom die Stréme in Kammern von 1—6 mm 
Luftwiindematerial innerhalb eines Fehlers von weniger als 2 °% dieselben 
sind. Ks diirite deshalb als Wert der Gammastrahlung nur die Tangente 
des Maximums der Kurve in Frage kommen, welches bei den Kurven fiir 
Graphit bei ca. 8.35 r/mgh, bei der Kurve mit der Paraffinkammer bei 
8.30 r/mgh liegt. 

Der sehr hohe Wert des Maximums in der Maynrorp’schen Arbeit 
fiir die Mg-Kammer von 8.8 r/mgh (3 mm Mg) diirfte wahrscheinlich 


1 Strahlenth. 51. 1934. 26. 


76 
6 
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iit einem Fehler von ca. 5 % behaftet sein, um so mehr als auch der 
Vert von 20 mm Mg mit ca. 8.15 mgh ungefiihr 5 °% iiber demjenigen der 
ntsprechenden Graphitkammer (7.8 r/mgh) liegt. Damit wiirden sich 
ie neuen MayNneorp’schen Werte auf ein Mittel von ca. 8.35 r/mgh 
duzieren, was mit der angegebenen Korrektur von 2 % zu einem end- 
iiltigen Wert von 8.18 + 0.1 r/mgh fiihren wiirde. 

Die Messungen von H. SMEREKER (I. c.), bei denen der Anstieg der 
onisation mit zunehmender Wandstiarke fiir Al-Kammern fiir viele 
’unkte bis zu 3 mm Al aufgenommen worden ist, zeigen, dass das Maxi- 
ium der [onisation nicht bei 3 mm Al liegt, sondern ungefihr bei 2 mm 
il. (Beide Kurven.) Die Differenz diirfte ungefihr 2 °% ausmachen, 
vomit sich der Wert von 7.74 r/mgh auf 7.89 r/mgh erhdhen wiirde. 

Ferner haben die Untersuchungen dieser Autorin in Ubereinstimmung 
nit denen von R. ScHuLze und W. MINDER gezeigt, dass eine Extrapola- 
ion auf die Kammerwand 0 durch Anwendung der Absorption auch 
leshalb nicht zulassig erscheint, weil bei diinnen Kammerwanden (unter 
1 mm) sehr merkliche Mengen der sekundiiren Elektronenproduktion des 
Priparates mitberiicksichtigt werden. Ferner erhéht in kleinen Abstiin- 
den bei diinner Kammer der Compton-Effekt den Lonisationsstrom. 
Beide Effekte zusammen diirften mehr als 20 °%4 der mit diinnwandigen 
Kammern bei kleinen Abstinden gemessenen Gesamtionisation aus- 
machen. 

Dieser Effekt und die Mitberiicksichtigung der Streustrahlung der 
vorliegenden Raumverhiltnisse diirften wahrscheinlich auch das merk- 
Ww iirdige Resultat der Arbeit von G. W. C. Kaye und W. Brnxs (1. c.) 
verursacht haben, so dass es diesen Autoren nicht méglich war, einen 
sichern Wert der lonisation anzugeben. 


4. Neuere Messungen 


Die Abklirung dieser Differenzen ist fiir die Fixierung der Dosen- 
konstanten wesentlich, auch wenn die noch zur Diskussion stehenden +- 
°%, fiir die praktische Therapie kaum mehr von grosser Bedeutung sein 
diirften. So wurden denn diese Messungen erneut in Angriff genommen. 


Von den 6 in der Berechnungsformel 


CAV-r?3600 
K = r/mgh 
300 At-H-v 


enthaltenen Gréssen waren bisher deren 5, die Menge, der Abstand, 

das Kammervolumen, die Empfindlichkeit und selbstverstandlich die 

Zeit variiert worden. Dagegen wurde immer mit derselben Kapazitit 

gearbeitet. Um nun auch “noch diesen Faktor zu verandern, wurde das 

Elektrometersystem mit dem vom Eidg. Amt fiir Mass und Gewicht ge- 
49—370088. Acta Radiologica. Vol. XVIII. 1937 
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eichten Harms-Kondensator zusammengeschaltet und so die Kapazit t 
des Messystems von 44.1 + 0.2 cm auf 85.9 + 0.3 cm gebracht, al 0 
ungefiihr verdoppelt. Mit dieser neuen Variablen wurden nun ebenfa ‘s 
eine Reihe Messungen angestellt. Sie sind in Tabelle III wiedergegeh: 


Tabelle II 


Menge Zahl der Kapazitét Abstand Kammer Filter 


r/mgh 
mg lriiger em em em® mm Pt g 


16 44.1 » 10.3 0.5 
16 44.1 2 10.3 0.5 
16 44.1 . 10.3 0.5 
16 85.9 s 10.3 0.5 
16 85.9 : 10.3 0.5 


Mittel: 7.98 + 0.06 r/mgh 


Dieser Wert stimmt innerhalb der Fehlergrenze von ca. 1 % mit 
dem friihern iiberein. 


5. Direkte Messung der Gammastrahlendosis in Int. Einheiten >r 


Zum Zwecke der Strahlenschutzmessung stand ein Siemens-Momen- 
tandosismesser mit einer Streustrahlenkammer von 10 cm Durchmesser 
zur Verfiigung. Diese Apparatur war mit der Streustrahlenkammer von 
der Physikalisch Technischen Reichsanstalt in Berlin mit Réntgen 
strahlen geeicht worden und hatte nach dem Eichschein den PTR. vom 
7. Okt. 1936 eine Empfindlichkeit von 0.0082, r/min pro Skalenteil. Es 
musste also méglich sein, mit diesem Instrument die Gammastrahlung 
von Praiparaten von ungefaihr 0.1 g noch auf gréssere Abstinde messen 
zu kénnen. 

Versuchsweise wurden mit einem Priparat von 150 mg orientierende 
Messungen angestellt. Die Kammer bestand aus 1 mm starker Papier- 
masse, war also fiir Gammastrahlen zu diinnwandig und deshalb waren 
wesentliche Abweichungen zu erwarten. Diese Messungen zeigt Tabelle IY 

Diese Messung wurde auf einem Tisch ausgefiihrt, so dass die Mess 
kammer und das Priiparat ungefihr 20 cm iiber der Tischplatte stan 
den. Die Werte der Produkte D-r? schwanken zwischen 0.310 und 0.547 
Durch die Aufstellung der Apparatur und die diinne Wand der Mess 
kammer sind an den Resultaten besonders bei gréssern Abstiinden wi 
sentliche Mengen von Streustrahlung mitbeteiligt. Diese machen bei 1 1 
Abstand mehr als 40 %, der Gesamtionisation aus. Bei kleinen Abstind« 
ist ihr Einfluss derart, dass sie das Defizit fiir die zu diinne Kammerwa! 
dung fast genau kompensiert. Bis zu Abstanden von 20 cm ist die Vari: 
bilitat des Produktes D-r? gering. Das Produkt hat hier die Grésse 0.3 


8.11 
7.92 
7.93 
8.04 
7.91 
A 
4 
s 
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Tabelle IV 


Abstand r Ausschlag D in 10~° 


)-r2 
Skt r/sec Dr 


88.0 1205 0.325 
47.5 648 0.318 
23.3 317 0.317 
10.1 138 0.310 
6.0 82.0 0.329 
3.95 54.1 0.338 
2.8 38.3 0.845 
1.75 23.9 0.382 
1.15 15.7 0.394 
0.8 10.9 0 395 
0.55 7.5 0.482 
0.4 5.5 0.547 


- 0.01. Mit diesem Wert berechnet sich die Dosenkonstante zu 7.7 + 0.2 
mgh, ein Wert, der gar nicht so sehr von den bisher angegebenen 
.bweicht. 

So wurde nun eine neue Messreihe angestellt, bei der die Kammer 
durch Eintauchen in einen 3 mm starken Glaszylinder luftaiquivalent 
vemacht worden war. Auch diese Messung wurde auf einem Tisch aus- 
gefiihrt, von dem Priparat und Kammer ca. 20 cm entfernt waren. Da 
die Kammer luftiquivalent war, so konnte das Resultat nur noch durch 
die Gammastreuung gefalscht werden. Diese ist selbstverstiandlich ab- 
hingig von den Raumverhiltnissen und der Grésse, Masse und Lage 
der streuenden Medien. Im vorliegenden Versuch musste sie verhaltnis- 
missig sehr gross sein, da direkt auf einem Tisch gearbeitet wurde, auf 
dem zahlreiche Apparaturen herumstanden. Immerhin durfte angenom- 
men werden, dass der Effekt der Streuung fiir die ganze Messreihe un- 
gefihr einen konstanten Wert aufweist, und es wurden die abgelesenen 
Werte entsprechend korrigiert. Als Grésse dieser Korrektur wurde 
fiir die ganze Messreihe ein Wert von 10-5 r/sec angenommen. 

Eine Ubersicht iiber diese Messreihe mit den unkorrigierten und den 
korrigierten Werten zeigt Tabelle V. 

Als Mittelwert des korrigierten Produktes D-r? ergibt sich D+ 1? = 
0.315 + 0.006 und daraus berechnet sich die Dosenkonstante zu 

K = 7.56+0.1 r/mgh 
150 

Dieser Wert stimmt vollkommen mit dem friiher elektrometrisch 
gemessenen iiberein. Diese vollkommene Ubereinstimmung ist natiirlich 
zufillig. Dagegen diirfte aber die direkte Messung der Gammastrahlendo- 
sis in »r)-Einheiten mit einem in r geeichten Dosismesser gelungen sein. 
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Tabelle V 


Abstand Ausschlag D in 10-5 D in 10—5 r/see 
cm Skt r/sec corr. 


10 23.0 314 0.314 313 0.313 
12 16.0 222 0.319 221 0.319 
15 9.8 135 0.304 134 0.303 
78 0.313 77 0.309 
51 0.819 50 0.312 
36.2 0.326 35.2 0.319 
21.8 0.349 20.8 0.332 
14.0 0.350 13.0 0.326 
60 1 9.6 0.346 8.6 0.311 
80 . 5.8 0.372 4.8 0.310 
100 3 4.0, 0.408 3.0, 0.308 


Interessant ist bei der obigen Messung der Effekt der gestreuten Gamma- 
strahlung. Die dafiir notwendige Korrektur betragt bei kleinen Abstan- 
den (10 cm) etwa 0.3 %, fiir grosse Abstiinde (100 cm) ungefiahr 25 °% des 
Wertes der Gesamtionisation. Das zeigt, dass sogar Messungen mit luft- 
iquivalenten Kammern, bei Anwesenheit von entsprechenden Streu- 
kérpern noch mit ganz erheblichen Fehlern belastet sein kénnen. Wie eine 
grobe Uberlegung zeigt, verhalten sich, vollstiindige Reflexion der 
Gammastrahlung vorausgesetzt, in einem kugelférmigen Raum vom Ra- 
dius a und bei einem Priiparatabstand zur Kammer von r die direkte 
Strahlung zu der gestreuten Strahlung wie 4 Nun betriagt allerdings 
a* 
die. Riickstreuung nur eimem kleinen Prozentsatz der eingestrahlten 
Strahlenmenge, aber dieser Prozentsatz ist derart, dass er sehr leicht 
gemessen werden kann. Es ist deshalb geboten, auch mit luftiquivalenten 
Kammern Absolutmessungen in méglichst grossen Riumen auszufiihren. 
Wegen der notwendigen Korrektur fiir die Gammastreustrahlung 
hatte die obige Messung noch etwas unbefriedigendes an sich, obschon 
diese Korrektur sich recht einfach ergab. Es sollte die direkte Messung 
méglich sein ohne Korrekturen. So wurde denn eine weitere Messung in 
einem Laboratorium des Réntgeninstitutes vorgenommen. Dieses Labo- 
ratorium hatte eine Grésse von 6 X 6 X 4 m, und es wurden aile streu- 
enden Kérper daraus entfernt. Die Kammer wurde so eingerichtet 
dass sie abwechselnd mit und ohne luftaquivalenter Hiille werwendet 
werden konnte. Sie war in der Mitte des Raumes an Faden aufgehangt. 
Das Praéparat (150 mg Ra. El. Filter 1.0 mm Pt) konnte auf einem hori- 
zontal verlaufenden Faden auf verschiedene Distanzen vom Kammer- 
zentrum verschoben werden. Die Messung ist in Tabelle VI wieder- 
gegeben. 
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Tabelle VI 


D in 107° r/see D-r 


Abstand 


cm i aeq 
nicht 
aequiv. aequlv. 
aequiv. 


0.288 0.89 
0.284 0.87 
0.281 0.87 
0.286 0.91 
0.282 0.94 
0.304 0.278 0.91 
0.312 0.294 0.94 
0.310 0.301 0.97 
0.320 0.316 0.99 
0.325 0.325 1.00 
0.383 0.333 1.00 
0.307 0.349 1.14 
0.328 0.383 1.17 


® 


im 


100 


Als Mittelwert fiir die luftiquivalente Kammer ergibt sich der Wert 
des Produktes D-1? = 0.317 + 0.004. Daraus berechnet sich die Dosen- 
konstante zu 
_0.317-3600 


K = 7.60 + 
150 


0.08 r/mgh 


Die Maximalabweichung des Produktes D-r? zwischen dem tiefsten 
und héchsten Wert betragt ziemlich genau 10 °%%, die maximale Abwei- 
chung vom Mittelwert also = 5 % fiir die Einzelmessung. Fiir den 
Mittelwert aus den obigen Messungen ergibt sich eine Fehlergrenze von 
ziemlich genau ¥ 1 %. 

In Tabelle VI kommt besonders schén die Konstanz des Produktes 
D-r? fiir die luftaiquivalente Kammer zum Ausdruck. Das Verhiltnis 
dieser Produkte der nicht luftiquivalenten Kammer zu der aquivalenten 
Kammer variiert um 30 °,. Bei ganz kurzen Abstiinden scheint es zuerst 
etwas abzusinken (Sekundirelektronen des Filters) um dann mit zuneh- 
mendem Streuraum dauernd anzusteigen. Gammastreueffekte sind auch 
bei gréssern Abstinden noch nicht messbar an der Ionisation der luft- 
aiquivalenten Kammer mitbeteiligt. 


Zwecks griésserer Ubersicht seien die bisher bestimmten Werte der 
Dosenkonstanten (r-Einheiten pro mgh) nochmals in Tabellenform wieder- 
gegeben, wobei auch die neuesten Bestimmungen beriicksichtigt werden 
sollen: 
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6 902 800 

8 512 443 

10 322 281 

12 218 198 

15 133 125 

20 76.0 71 

25 49.9 47 

30 34.4 33 

40 20.1 19 

50 13.0 13) 

60 9.35 9 
80 4.8, | 
3°2, 3 

> 
| 
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Tabelle VII 


Autor Jahr hinny K in r/mgh 


. Guasser u. F. R. Mautz. .. . 1929 0.5 8.0 
1931 0.5 9.2*) 
W. Mayneorp u. J. E. Roperts 1934 0.5 

. Murpocn u. E. STaHEL .... 1934 0.5 

+ W. C. Kaye W. Binks... 1934 0.5 

Frarepricw u. R. Scuunze .. . 1935 

1935 

1936 
G. W. C. Kaye u. W. Binks .. . 1936 

W. V. Mayngorp u. J. E. Roperrs 1937 
1937 


Mittel: 8.0, ohne *) 


J. Murpocn u. E. 1934 
W. Friepricu u. R. ... 1935 
Diese Arbeit clektrometrisch. . . . 1936 
Diese Arbeit direkt. ....... 1937 


Mittel: 7.5, 


Den berechneten Mittelwerten soll weiter keine Bedeutung zugemessen 
werden als die, dass die Konstanten von 8.0 r/mgh, Filter 0.5 mm Pt und 
7.5 r/mgh, Filter 1.0 mm Pt fiir die Praxis der Radiumdosierung als ein- 
fache runde Zahlen leicht gebraucht werden kénnen, und die Annahme 
dieser Werte auf sicher weniger als + 5 °{ genau ist, was fiir die Praxis 
der Dosierung geniigen diirfte. 

Diese Arbeit wurde durch das Entgegenkommen und das Interesse 
des Leiters des Réntgeninstitutes (Prof. Dr. A. Lrecutt) in ihren wesent- 
lichen Punkten sehr geférdert. Es soll deshalb hier dafiir der gebiihrende 
Dank ausgesprochen werden. Ferner bin ich Herrn Prof. Dr. H. GREtn- 
ACHER, in dessen Institut ein Teil der Apparatur gebaut werden konnte, 
Dank schuldig. 


ZUSAMMENFASSUNG 


Es werden die Messbedingungen und eine Apparatur zur Messung der Gamma- 
strahlendosis in absoluten Einheiten »r» beschrieben. Durch Variation aller in der Messung 
auftretenden Variablen gelingt es, die Felilergrenzen der Messung sicherzustellen. Die 
Messung der Dosenkonstanten, der Gammastrahlung d. h. der Strahlenmenge, die 1 mg 
Ra. El. in 1 em Abstand in 1 h in int. r-Einheiten bewirkt, ergibt fiir eine Filterung von 
0.5mm Pt 7.90 resp. 7.98 r/mgh. Fiir eine Filterung von 1.0 mm Pt gibt die Messung 


einen Wert von 7.56 r/mgh. 


773 
772 
1.0 7.6, 
1.0 7.3 
1.0 7.5, 
1.0 7.6,, 


ZUR ABSOLUTBESTIMMUNG DER GAMMASTRAHLENDOSIS 773 


Eine direkte Messung mit einem modifizierten Réntgendosismesser (luftiquivalente 
Kammer) liefert fiir die Filterung von 1.0 mm Pt den Wert von 7.60 r/mgh. Diese 
letztere gestattet auch, den Gammastreuzusatz bei Messungen in kleinen Riumen der 
Gréssenordnung nach festzulegen. 

Als fiir die Praxis brauchbare Mittelwerte mit hinreichender Genauigkeit werden 8.0 
r/mgh fiir 0.5 mm Pt Filter und 7.5 r/mgh fiir 1.0 mm Pt Filter vorgeschlagen. 


SUMMARY 


The conditions of measuring and an apparatus for measuring the dosis of gamma- 
rays in absolute units »r» are described. Variating all the variables concerned in the 
measurement, it is possible to fix the limits of mistakes in the measurement. The measure- 
ment of the dosis-rates of gamma-radiation, i. e. the quantity of radiation effected by 
1 mg R. El. in the distance of 1 cm in | h in international units »r» is 7.90 resp. 7,98 r/mgh 
for a filtration of 0.5 mm Pt. For a filtration of 1.0 mm Pta value of 7.56 r/mgh results. 

A direct measurement with a modified dosimetre for Roentgen rays (air wall 
chamber) gives the value of 7.60 r/mgh, for a filtration of 1.0 mm Pt. This measurement 
allows furthermore, to determine approximatively the additional scattered gamma- 
radiation when measuring in a small room. 

As practical values with sufficient accuracy 8.0 r/mgh for a filtration of 0.5 mm Pt 


and 7.5 r/mgh for a filtration of 1.0 mm Pt are proposed. 


RESUME 


Les conditions de mesure et un appareil pour mesurer les doses des rayons gamma en 
unités absolues »r) sont décrits. Il est possible, en faisant varier les éléments variables 
de mesure, de déterminer la valeur de la faute-limite. Les mesures des »constantes de 
dose» du rayonnement gamma, c. a d. le rayonnement provoqué par 1 mg Ra. EL. a 
une distance de 1 cm, en 1 h mesuré en unités internationales »r donnent pour un filtrage 
de 0.5 mm Pt 7.90 respectivement 7.98 r/mgh. Pour un filtrage de 1.0 mm Pt, la valeur 
obtenue est 7.56 r/mgh. 

La mesure directe, 4 l’aide d’un dosimétre de Roentgen modifié (chambre d’ionisation 
équivalente d’air), donne pour un filtrage de 1.0 mm Pt la valeur de 7.60 r/mgh. Cette 
derniére mesure permet aussi de déterminer l’ordre de grandeur du supplément de dis- 
persion gamma pour les mesures en espace restreint. 

Les valeurs utilisables dans la pratique peuvent étre fixées avec un degré d’exacti- 
tude suffisant, 4 8.0 r/mgh pour filtre de 0.5 mm Pt et 4 7.5 r/mgh pour filtre de 1.0 mm Pt. 
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